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1.0 INTRODUCTION

This report describes the features and use of the Validation
Command Language (YCL) computer program which has been developed to
aid the automotive safety researcher in quantifying comparisons between
impact test results and predictions of mathematical simulations. Al-
though these simulations have been installed on various computers, both
within and outside the industry, extensive validations have been car-
ried out only within the industry. The proprietary nature of the auto-
motive hardware used in the test programs necessitates that the results
be kept proprietary. This fact leads safety researchers and government
standards writers not havinag access to the data to question the potential
and applicability of models. The VCL will aid in publicizing models,
many of which have been developed largely under MVMA funding, and demon-
strating their accuracy.

1.1 Description of the Validation Command Lanquage

Procedures have been developed by which the output from two-dimensional
and three-dimensional mathematical model simulations of specific crashes
can be quantitatively compared to the results of experimentally staged
simulations of the same crash. Since crash victim simulation deals with
the physical parameters of crash victim dynamics, it is desirable to com-
pare output from the model with the same types of physical parameters
gathered during experimental simulation. The comparison techniques
accomodate variance between computed and experimentally measured
variables which may differ in amplitude, phase, and frequency content.
The procedure, which is general enough to be used in comparisons of any
two or more sets of simulated and/or physical data, has been demonstrated
utilizing the MVMA Two-Dimensional Crash Victim Simulation model 1in the
text which follows.

The VCL has been structured to provide:
1. User ease;
2. Self-contained analytical power; and
3. Graphical output capability.
The technique of a command language has been chosen to provide user ease.



It consists of simple English words which can be entered into the com-
puter at a remote terminal or in a batch process. The words are designed
for use by a wide range of professionals whether they be an engineer or
computer programmer -- a designer or a manager. With these commands,

the user can operate with the three basic elements of a validation pro-
cedure:

1. Experimental and/or mathematically simulated data files;

2. Analytical tools with the capability of comparing data files,
computing statistical parameters and injury indices, combining variables,
etc.; and,

3. Output graphic displays showing validation, correlation and/or
comparisons.

Commands in VCL are described in Part 2.2 of the report. Examples of their
use are given in Part 2.4.

One of the primary features of VCL is that provision has been made
for a large collection of analytical tools which can be used to operate
on the subject data sets:

1. Simple file manipulation,

2. Determination of Fourier coefficients of a digitized time
dependent signal;

3. Signal integration (HIC, severity index, area, etc.);

4, Statistical measures (minimum, maximum, variance, median,
confidence interval length, etc.);

5. Data filtering with filter definition chosen by the user;

6. Regression fitting of data; and,

7. Implementation of user supplied formula combining physical
data quantities in a simple analytical expression (Formula Interpreter).

The important fact to note is that the software associated with the
varijous analytical procedures have been provided with the VCL thus making
it a stand-alone package.

Additional power is provided by the Formula Interpreter. In those
cases where a particular standard analytical tool is not available for
operation on a data set, the user can write an analytical expression
combining the pertinent data quantities and insert it as input data.
The resulting formula will then be evaluated automatically. Therefore,



the user can:
1. supply his own performance indicators;
2. compute resultant accelerations, etc.; and,
3. perform complex data file combinations.

After the user has operated on the subject data files using the
interactive commands of VCL, he is provided with additional commands
for the purpose of producing useful and demonstrative graphic output.
Labels, units, and scales are at user option. The three types of standard
plots available are:

1. Cartesian (x vs. y for up to five variab]es);
2. Phase plane; and,
3. Deviation (x-y vs. time for up to five plots).

In addition, a summary plot containing all the discrete comparison or vali-
dation indicators can be produced. This plot is in the form of a polar
plot with the various quantities printed along the various radii.

Example plots are shown in Part 2.4 of the report.

1.2 Applications of the Validation Command Language

In attempting to determine the "validity" of mathematical crash
victim simulations and, for that matter, experimental simulations of
crash events, the following question always seems to arise: "How does
one compare the results of impact events?" It follows that the two
problems which must be faced in establishing validity are: 1. the
making of decisions on what performance indicators should be used and how
good the comparisons should be on a quantitative basis; and, 2. the
actual comparison of analytical and/or experimental data. A variety
of performance indicators have been proposed for one application or
another by industrial, governmental and other groups. Several of the
more common of these are included among -the computational tools of the
VCL. However, there is no real consensus within the highway safety com-
munity as to an ultimate performance indicator or definition of validation.

The VCL has been developed to serve within the present scenario
of safety and restraint system research and evaluation. In this regard,
the anticipated applications are summarized in the following list:
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1. Manipulation, analysis and comparison of dynamic impact data;

2. Graphical presentation of dynamic impact data;

3. Use as an organizing tool to simplify quantitative validation
of mathematical models; and,

4. Use as an organizing tool to demonstrate correlation or the lack
thereof between experiments and/or theoretical estimates.

The Formula Interpreter software carries the manipulation and analysis
capability a bit further. If a new analytically-based performance criteria
is developed, the user can insert the formula as data and retrieve the
results without further post-processing.

In conclusion, the VCL has been developed to provide the user with
software necessary for conducting validation or correlation studies given
experimental or simulated data. It is not capable of making a decision
for him as to whether a model is valid, but rather, is intended to pro-
vide him with the tools he needs to aid him in making the decision.

This manual applies only to the Validation Command Language for Version
4 of the MVMA 2-D CVS model. Users of VCL for Version 3 should refer to
the December 10, 1976, HSRI report number UM-HSRI-76-20. Users of VCL for
the CAL 3-D model should refer to that same report and additionally to
Appendix C of the April 1978 Monthly Report to NHTSA on Contract DOT-HS-7-
01659.



2.0 USER'S GUIDE FOR THE VALIDATION COMMAND LANGUAGE

2.1 Validation Command Lanquage Specification

The purpose of the Validation Command Language is to provide
aid in data reduction, data preparation, data presentation, compari-
son of model results and experimental results, and the presentation
of such comparisons. These computational services are made available
in the form of a command language in order to provide maximum flexi-
biTity. This Command Language is currently implemented only for use
on runs for the MVMA Two-Dimensional CVS Model and experimental data.
A second version of the command language has been developed for use on
runs of the CAL 3-D program and experimental data.

The Command Language is broken into the following major divisions:

Division Name Explanation
1. Identification Specification of model runs, experimental
data and general control information
2. Assessment Checking the data for flaws and general
properties
3. Preparation Correcting the flaws found, computation of

desired discrete quantities summarizing time-
dependent quantities

4. Comparison Various comparisons of discrete and time-
dependent quantities

5. Presentation Various opotions for presentation of quan-
tities and comparisons.

Table 1 contains a detailed description of each command. The
first column of this table shows a facsimile of the sentence which identi-
fies the command together with markings which indicate possible abbre-
viations. The second column includes the shortest sentence abbre-
viations. The third column includes the necessary description for
compiling the commands.

Underlined letters in the first column of each word are those
upon which the identification of the card is made and must be correct.
The identification process is confined to the first two words. These
two words may be abbreviated by these two letters placed contiguously
or separated by one or more blanks. The commands can be used in any
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order but all information for each command must be placed in the order
shown and in one contiguous string of up to ten lines or cards.

Many commands require user-supplied names to identify data sets or
constants in order to provide for later reference of the information
generated by the command. Such names are indicated in Table 1 by a
phrase in the command description beginning with a capital letter and con-
taining the word "name." User-supplied names consist of any sequence of
letters and numbers which is one to six characters long and begins with
a letter. Such names are defined upon their first use and may be reused
as many times as necessary. In case of subsequent use to hold the output
of a command, the original values will be stored over.

The term "data set" always implies a set of values for a time-depen-
dent variable specified at least at two time points. The term "constant"
is used whenever the variable is time-independent or when only one time
point is specified.

Where brackets enclose a number of choices separated by slashes
in the command descriptions, one such choice must be made. Items
enclosed in parentheses are optional. If an item is totally in
capitals in the Command description, it is a code word and must appear
as shown if it is used at all. Every command must end with a period.

Many commands contain a data section. The standard format for
data sections is that all numerical values are specified as floating
point numbers (in the Fortran F or E-format) and separated by commas
with the end of data marked by an asterisk. Data must start on a new
card from the card containing the period, must have at least one
complete number specification per card, and the last number must be
followed by an asterisk. Table 1 contains a description of the data to
be included in the order in which it is to appear. Column three contains
specification of any difference from the standard data format.



TABLE 1. VALIDATION

COMMAND LANGUAGE FORMATS

Sentence Contents Sentence Notes
Abbreviation
IDENTIFICATION DIVISION
CONTROL PARAMETERS. cp If this command is completely

(a) Print control 0 no teletype
output

1 regular tele-
type output

2 regular plus
supplementary
teletype out-

put
(b) Default final time (msec)

(c) Output unit switch = 1 metric
units

= 2 English
units

left out, the three values
default to 0, 300, and 1
respectively.

TEST RUN [Tapename/NONE].

(a) Logical device number to read
tape or file.

TR Tape name of digitized tape or
NONE if information is in pre-
pared file. Tape reading is not
implemented in current program.

TEST QUANTITY Dataname (Filename).

(a) Tape file number or file record
number (> 1)

(b) Time increment (msec)
(c) Final time (msec)

TQ Dataname is name by which this
data is to be referenced. File-
name is needed only for tape in
TR and used as doublecheck. Tape
file number is tape file which
contains data. File record number
is starting record of file which
contains data. See Section 2.2.1
for details.

MODEL RUN.
(a) Logical device number 1
(b) Logical device number 2

MR Logical device numbers for the
two MVMA catch files written
on NU and MV respectively.

MODEL QUANTITY Dataname (Name A

(Name B)).
(a) MVMA output category number
(b) MVMA output column number
(c) Time increment (msec)
(d) Final time (msec)

MQ Identifying names Name A and
Name B must be supplied to make
certain data requests specific.
See Section 2.2.2 for details.




TABLE 1. VALIDATION COMMAND

Sentence Contents

LANGUAGE FORMATS (Continued)

Sentence Notes
Abbreviation

ASSESSMENT DIVISION
QUANTITY MEASURES Dataname.

For all times present in data,

QM thig command prints minimum,
maximum, mean, variance, mode,
median and confidence interval
length.

QUANTITY PHASE Dataname A Dataname
B.

(a) Starting start time for curve A
(msec)

(b) Increment of start time for curve
A (msec)

(c) Final start time for curve A (msec

(d) Time increment between points
correlated for curve A (msec)

(e) Starting start time for curve B
(msec)

(f) Increment of start time for curve
B (msec)

QP Compares two data sets and
prints maximum correlation and
starting times for phase shift
recognition. See section 2.2.3
for details.

)

(g) Final start time for curve B (msec)

(h) Time increment between points cor-
related for curve B (msec)

(i) Number of points used in correla-
tion

QUANTITY AMPLIFICATION Dataname A
Dataname B.

(a) Starting time for points cor-
related on curve A (msec)

(b) Increment of time points cor-
related on curve A (msec)

(c) Starting time for points cor-
related on curve B (msec)

(d) Increment of time points cor-
related on curve B (msec)

(e) Number of points used in cor-
relation

(f) Starting amplitude factor
(g9) Increment of amplitude factor
(h) Final amplitude factor

QA Compares subsets of two data
sets and prints maximum cor-
relation and amplitude factor
for recognition of calibration
problems. See Section 2.2.4 for
details.




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence Notes
Abbreviation

FOURIER COEFFICIENTS Dataname. FC Prints least squares approxi-

- - ) mation to Fourier coefficients.

(a) Start time of period (msec) Presented subset of data con-

(b) Time increment between points sidered one period. The num-

to be included (msec) ber of coefficients printed
. . . is twice the number of har-
(c) Final time of period (msec) monics plus one. See Section
(d) Number of harmonics to be com- 2.2.5 for details.
puted

PREPARATION DIVISION
If 0 < (a) « (c), picks a sub-

SHIFT ZERO Dataname Newdataname. SZ set of a data set and stores as

(a) Start time (msec) a new data set. If (a) = (c),

. picks a single point and stores

(b) Time increment (msec) as a new constant. If (a) <0,

(c) Final time step (msec) |(a)| < (c), picks a subset,
shifts time to start at zero, and
stores as a new dataset.

FILTER GENERATION Filtername. FG Invokes interactive filter

- - design program. See Section
2.2.6 for details.

FILTER DATA Dataname Newdataname FD Applies filter to data set to

N - Filtername. produce a new data set. Filter
either one produced by FG com-
mand or one of predefined filters.
See Section 2.2.7 for details.

COMPUTE MEASURES Dataname, CM Produces eight constants with

B o names derived from original name.

(a) Start time (msec) The eight constants correspond to

(b) Final time (msec) the minimum, maximum, mean, vari-
ance, mode, median, confidence
interval length, and number of
points minus one. See Section
2.2.8 for details.

COMPUTE HIC Dataname Newdataname. CH Produces a constant which is the

(a) Number of points the T1 of a HIC
duration is indexed

(b) Number of points the T2 of a HIC
duration is indexed

(c) Fraction of max HIC below which
scanning is stopped

HIC of data set supplied. See
Section 2.2.9 for details.




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence Notes
Abbreviation
COMPUTE SEVERITY Dataname Newdataname. CS Produces a constant which is the

) original Severity Index of the
(a) Start time (nsec) data set supplied. See Section
(b) Time increment (msec) 2.2.9 for details.

(c) Final time step Mmsec)

COMPUTE GMRSI Dataname Newdataname. G Produces a constant which is the

i modified Severity Index of the
(a) Start time (msec) data set supplied. See Section
(b) Time increment (msec) 2.2.9 for details.

(c) Final time (msec)

THREE MILLISECOND Dataname. ™ Produces three constants which are
(a) Start time (msec) peak value, three millisecond
o average, and the leading time of
(b) Time increment (msec) the three millisecond interval.
(c) Final time (msec) See Section 2.2.9 for details.
COMPUTE INTEGRATION Dataname CI Produces a constant which is
Newdataname. the Simpson's rule integral of the
(a) Start time data over the specified interval.

(b) Final time

COMPUTE FREQUENCY Dataname. CF Produces two constants which are
. . the maximum coefficient and the
(a) Start time of perfod (msec) corresponding frequency for that
(b) Interval of time for points used coefficient. See Section 2.2.10
(msec) for details.

(c) Final time of period (msec)
(d) Number of harmonics to be con-

sidered
MODIFY AMPLITUDE Dataname Newdataname, MA Produces a new data set which
has been multiplied point by
(a) Factor point by the given factor.
(b) Start time (msec)

(c) Time increment of points used (msec)
(d) Final time (msec)

10




TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)
Sentence Contents Sentence Notes
Abbreviation

CORRELATE CURVES Dataname A Dataname  CC Produces a constant which is the

B Newdataname.
(a) Start time for data set A (msec)

(b) Time increment for data set A
(msec)

(c) Final time for data set A (msec)
(d) Start time for data set B (msec)
(e) Time increment for data set B

correlation of data set A with
data set B.

(msec)
MINUS COMPUTATION Dataname A MC Produces a new data set which
Dataname B is Dataname A minus Dataname B
Newdataname for the specified time points.
(a) Start time (msec)
(b) Time increment (msec)
(c) Final time (msec)
COMPARISON DIVISION
COMPUTE VARIANCE Dataname A Data- cv Computes and prints F-distribu-
N name B, tion comparison of variances.
CM must have been previously
run for each given data set.
POINTWISE MEANS Dataname 1 ... PM Produces a new data set which is

Dataname N
Newdataname .

(a) Start time for new data set
(msec)

(b) Time increment for new data
set (msec)

(c) Final time of the new data
set (msec)

the mean of the given curves
point by point together with four
constants which are the minimum,
maximum, mean and variance of

the generated curve See Seitian
270 tor detatrle

11



TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (continued)

Sentence Contents _ Sentence Notes
Abbreviation
REGRESSION FITTING Dataname A RF Computes and prints regression
(Dataname B) . polynomials and fits specified.

(a) Start time of data to be fit See Section 2.2.12 for details.

(msec)

(b) Time increment of data to be
fit (msec)

(c) Final time of data to be fit
(msec)

(d) Minimum degree of polynomial
to be fitted

(e) Maximum degree of polynomial
to be fitted

(f) Number of decimal places to
print in printout

(g) Switch

1 if printout on
batch 1dn only

= 2 if printout on
both batch and
interactive ldn's

FORMULA INTERPRETER  Newdataname. FI Fortran arithmetic statement
combines variables, constants,
) and numeric values.
(a) Start time (msec) Formula must start on a new line.
(b) Time increment (msec) Any dataname may be a dataset
(¢) Final time (msec) name, a constant name or a numeric
/) rinat time {msec quantity. See Section 2.2.13 for
[Formula of form: $U$U-dataname 1 0 ... details.

0$USU -dataname N$E

on up to ten lines
Note: $U stands for unary operator, O stands for binary operator.

12



TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence

Abbreviation

Notes

PRESENTATION DIVISION

START PLOT [PRINT/OFF-LINE] [POLAR/
PHASE/CART/DEV].

A. For POLAR only:

(a) Fractional margin position

(b) Fractional minimum accep-
tance circle displacement
from unity

(c) Fractional maximum accep-
tance circle displacement
from unity

B. For PHASE only:

(a) Maximum Y coordinate for
plot area (optional)

(b) Minimum Y coordinate for
plot area (optional)

(c) Minimum X coordinate for
plot area (optional)

(d) Maximum X coordinate for
plot area (If a through c
omitted, square area
centered about zero pro-
duced)

C. For both CART and DEV:
(a) Maximum time plot on area
(b) Minimum Y coordinate on
plot area
(c) Maximum Y coordinate on
plot area

SP

|

Set up a plot. See Section 2.2.14
for details.

PLOT QUANTITY Dataname A Dataname
B.

(a) Angle at which ratio is to be
plotted (deg)

PQ

Plots the ratio of constant A to
constant B on a POLAR plot. May
not be used for other plot types.

PLOT CURVE Dataname A (Dataname B).

PC

For CART: Plots Data set A as one

of up to 5 curves.

For PHASE: Plots Data set A as

Y versus Data set B as
X. Only one curve per
plot.

For DEV: Plots Data set A minus
Data set B as Y and time
as X. May have up to
5 curves.

13



TABLE 1. VALIDATION COMMAND LANGUAGE FORMATS (Continued)

Sentence Contents Sentence Notes

Abbreviations
PLOT PLOT. PP Plots the existing plot images.
PRINT SINGLE Dataname. PS Prints the value of a constant.

TIME PRINT Dataname. TP Prints the values of a data set.
(a) Start time (msec)

(b) Time increment (msec)

(c) Final time (msec)




2.2 Description of Command Language Quantities

This section of the report includes text material to supplement
Table 1 of Section 2.1. The intent is to provide the user with informa-
tion so that he can use the Command Language with the aid of only Table
1 and this section.

2.2.1 Test Data Specifications (TR and TQ)

Experimental data may be supplied to the Validation Command Language
in the form of tape and in the form of a fixed format file. Tape reading
is provided for by a user-supplied tape reading subroutine (see Section
3.3.2 for details).

The fixed format file reading subroutine is supplied as part of the
Command Language. This subprogram expects n + 2 records of input where
n is the number of time points supplied. The first record contains
five control parameters. The format of the first record is as follows:

(a) Start time (in msec) in columns one through five with decimal,

(b) Time increment (in msec) in columns six through ten with decimal,

(c) Number of time points right adjusted in columns eleven through

thirteen,

(d) The dimension code index (see Table 2) right adjusted in columns

fourteen through sixteen,
and (e) a switch (which is one for metric system and two for English
system) right adjusted in columns seventeen through nineteen.

The second record contains the Fortran format of the remaining
records enclosed in parentheses, anywhere in columns one through eighty.

The word "FORMAT" must not appear in the specified format.

The remaining records contain the ordinate for each of the times
implied by the three control parameters in the first record. Multiple
TR's and TQ's may be used in one run of the Command Language, but all
TQ's with reference to one TR must appear before the next TR. The tape
or file of input data must be attached to the specified Togicé] device
number. The coordinate system is assumed positive upwards for positions
and related quantities.

15



TABLE 2. TEST DATA QUANTITY DIMENSION CODE INDICES

Quantity Type

distance

vehicle velocity
velocity

force

energy

velocity

torque or moment
pressure
temperature
volume

mass

mass flow
acceleration
angles

angular velocity

angular acceleration

Dimensions

cm or in

kph or mph
m/s or f/s
Norlb

J or ft-1b
cm/s or in/s
N-m or 1b-in
N/sq cm or psi
°K or °R

cm3 or in3

kg or 1bm
kg/s or 1bm/s
g's

deg

deg/sec

rad/sec2

16

Code Index

1
2




2.2.2 Model Data Specifications (MR and MQ)

Model run data from a run of the MVMA Two-Dimensional CVS Model
may be supplied to the Command Language using MR and MQ. The model
data is specified by using the MVMA output category number, the MVMA
output column number, and optional identifying names. Table 3 is
used to determine these two numbers. Table 3 contains a descriptive
alphabetical list of all the model quantities which may be recorded by
the MVMA 2-D in the catch files attached to logical device numbers NU
and MV. Listed with each descriptive title is the identifying category
and column number.

If the category number is two, three, or four, the identifying
names must be supplied in order to make the model quantity specifica-
tion unique. The names are specified in fixed format as follows.

The dataname supplied is followed by one blank, then a sixteen character
Name A, then a blank, then a sixteen character Name B, and then a
period. If the category number is two or three, Name A must be the
name of a region specified in the run in question and Name B must be
blank. If the category number is four, three cases exist. When the
column number is in the range one to ten, Name A must be an ellipse
name and Name B must be a Tine name. When the column number is in the
range eleven to twenty one, Name A and Name B must both be ellipse
names. When the column number is in the range twenty two to twenty-
nine, Name A must be a belt name as shown in Table 4 and Name B must
be blank.

Multiple MR's and MQ's may be used in one run of the Command
Language, but al1MQ's with reference to one MR must appear before the
next MR. The catch files written while attached to the logical device
numbers NU and MV during the model run must be attached to the two
specified logical device numbers supplied respectively.




TABLE 3. MVMA 2-D Data Quantities Available (Page 1 of 9)
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Airbag CG force components - head moment 20 3
Airbag CG force components - head x 20 1
Airbag CG force components - head z 20 2
Airbag CG force components - Tower torso moment 20 12
Airbag CG force components - Tower torso x 20 10
Airbag CG force components - lower torso z 20 11
Airbag CG force components - middle torso moment 20 9
Airbag CG force components - middle torso x 20 7
Airbag CG force components - middle torso z 20 8
Airbag CG force components - upper leg moment 20 15
Airbag CG force components - upper leg x 20 13
Airbag CG force components - upper leg z 20 14
Airbag CG force components - upper torso moment 20 6
Airbag CG force components - upper torso X 20 4
Airbag CG force components - upper torso z 20 5
Airbag contact forces - head pressure 19 1
Airbag contact forces - head tension 19 2
Airbag contact forces - lower torso pressure 19 7
Airbag contact forces - lower torso tension 19 8
Airbag contact forces - middle torso pressure 19 5
Airbag contact forces - middle torso tension 19 6
Airbag contact forces - upper leg pressure 19 9
Airbag contact- forces - upper leg tension 19 10
Airbag contact forces - upper torso pressure 19 3
Airbag contact forces - upper torso tension 19 4
Airbag variables - bag gas mass 18 4
Airbag variables - bag pressure 18 1
Airbag variables - bag temperature 18 2
Airbag variables - bag volume 18 3
Airbag variables - mass flow in 18 5
Airbag variables - mass flow out 18 6
Airbag variables - supply temperature 18 7
Belt angles - lap belt inboard 5 1
Belt angles - lap belt outboard 5 2
Belt angles - torso belt Tower 5 4
Belt angles - torso belt upper 5 3
Body joint coordinate - elbow x 13 9
Body joint coordinate - elbow z 13 10
Body joint coordinate - hip x 13 5
Body joint coordinate - hip z 13 6
Body joint coordinate - knee x 13 7
Body joint coordinate - knee z 13 8
Body joint coordinate - Tower spine x 13 3
Body joint coordinate - lower spine z 13 4
Body joint coordinate - upper spine x 13 1
Body joint coordinate - upper spine z 13 2
Body joint velocity - elbow x 14 9
Body joint velocity - elbow z 14 10
Body joint velocity - hip x 14 5
Body joint velocity - hip z 14 6
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TABLE 3. MVMA 2-D Data Quantities Available (Page 2 of 9)
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Body joint velocity - knee x 14 7
Body joint velocity - knee z 14 8
Body joint velocity - lower spine x 14 3
Body joint velocity - lower spine z 14 4
Body joint velocity - upper spine x 14 1
Body joint velocity - upper spine z 14 2
Body 1ink angles - head 10 1
Body Tink angles - Tower arm 10 10
Body link angles - lower leg 10 7
Body link angles - lower torso 10 5
Body link angles - middle torso 10 4
Body link angles - neck 10 2
Body 1ink angles - shoulder ‘ 10 8
Body link angles - upper arm 10 9
Body Tink angles - upper leg 10 6
Body 1ink angles - upper torso 10 3
Body 1ink angular acceleration - head 12 1
Body link angular acceleration - Tower arm 12 10
Body 1ink angular acceleration - lower leg 12 7
Body 1ink angular acceleration - Tower torso 12 5
Body 1ink angular acceleration - middle torso 12 4
Body 1link angular acceleration - neck 12 2
Body 1ink angular acceleration - shoulder 12 8
Body link angular acceleration - upper arm 12 9
Body 1ink angular acceleration - upper leg 12 6
Body 1ink angular acceleration - upper torso 12 3
Body 1ink angular velocity - head 11 1
Body link angular velocity - Tower arm 11 10
Body link angular velocity - Tower leg 11 7
Body link angular velocity - lower torso 11 5
Body Tink angular velocity - middle torso 11 4
Body 1ink angular velocity - neck 11 2
Body 1ink angular velocity - shoulder 11 8
Body 1ink angular velocity - upper arm 11 9
Body 1ink angular velocity - upper leg 11 6
Body 1ink angular velocity - upper torso 11 3
Center of mass resultant moment - head 32 1
Center of mass resultant moment - head applied

force component 32 9
Center of mass resultant moment - lower arm 32 8
Center of mass resultant moment - lower leg 32 6
Center of mass resultant moment - lower torso 32 4
Center of mass resultant moment - middle torso 32 3
Center of mass resultant moment - upper arm 32 7
Center of mass resultant moment - upper leg 32 5
Center of mass resultant moment - upper torso 32 2
Center of mass x force component - head 30 1
Center of mass x force component - head applied

force component 30 9
Center of mass x force component - lower arm 30 8
Center of mass x force component - lower leg 30 6
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TABLE 3. MVMA 2-D Data Quantities Available (Page 3 of 9)
QUANTITY DESCRIPTION CATG. NO COL. NO.
Center of mass x force component - Tower torso 30 4
Center of mass x force component - middle torso 30 3
Center of mass x force component - upper arm 30 7
Center of mass x force component - upper leg 30 5
Center of mass x force component - upper torso 30 2
Center of mass z force component - head 31 1
Center of mass z force component - head applied

force component 31 9
Center of mass z force component - lower arm 31 8
Center of mass z force component - lower leg 31 6
Center of mass z force component - lower torso 31 4
Center of mass z force component - middle torso 31 3
Center of mass z force component - upper arm 31 7
Center of mass z force component - upper leg 31 5
Center of mass z force component - upper torso 31 2
Contact belt vs attachment - absorbed energy 4 29
Contact belt vs attachment - deflection rate 4 23
Contact belt vs attachment - deflection 4 22
Contact belt vs attachment - unadjusted tension 4 25
Contact belt vs attachment - resultant force 4 27
Contact belt vs attachment - resultant heading
angle 4 28
Contact belt vs attachment - ring equilibrium
tension 4 24
Contact belt vs attachment - tension adjustment 4 26
Contact ellipse vs ellipse - body segment x for ‘
ellipse A 4 18
Contact ellipse vs ellipse - body segment z for
ellipse A 4 19
Contact ellipse vs ellipse - body segment x for
ellipse B 4 20
Contact ellipse vs ellipse - body segment z for
ellipse B 4 21
Contact ellipse vs ellipse - center point x for
ellipse A 4 14
Contact ellipse vs ellipse - center point z for
ellipse A 4 15
Contact ellipse vs ellipse - center point x for
ellipse B 4 16
Contact ellipse vs ellipse - center point z for
ellipse B 4 17
Contact ellipse vs ellipse - deflection rate 4 12
Contact ellipse vs ellipse - deflection 4 11
Contact ellipse vs ellipse - normal force 4 13
Contact ellipse vs line - contact point x on body
segment 4 9
Contact ellipse vs line - contact point z on body
segment 4 10
Contact ellipse vs line - contact point position
on line 4 5
Contact ellipse vs line - contact point velocity
on line 4 6
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TABLE 3.

QUANTITY DESCRIPTION

Contact ellipse vs 1in
Contact ellipse vs lin

Tin
lin

Contact ellipse vs
Contact ellipse vs
Contact ellipse vs Tlin
Contact ellipse vs lin
Femur and tibia loads

Femur and tibia loads

Femur and tibia Toads

Femur and tibia loads

Femur and tibia Toads

Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered accelerations
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity
Filtered severity inde
Filtered severity inde
Friction component joi

inde
inde

inde
inde
inde
inde

index -

e - contact point x in

inertial space

e - contact point z in
inertial space

e - deflection

e - deflection rate

e - normal force

e - tangential force

- femur axial at knee
- femur axial at sensor
- femur shear at knee
- tibja axial at foot
- tibja axial at knee

- chest A-P

- chest resultant

- chest S-1I

- head A-P

- head resultant

- head S-1

- hip resultant

- hip x

- hip z

index - chest SI A-P
index -
index -

chest ST resultant
chest ST S-1I

chest mod SI A-P
chest mod SI resultant
chest mod SI S-I

head SI A-P

head SI resultant
head SI S-1

head mod SI A-P

x - head mod SI resultant
x - head mod ST S-1I

nt torque - elbow

X -
X =

X -
X =
X -
X -

Friction component joint torque - hip
Friction component joint torque - knee
Friction component joint torque - Tower neck
Friction component joint torque - Tower spine

Friction
Friction

component joint torque
component joint torque

shoulder at arm

upper neck
upper spine

Friction component joint torque

Joint absorbed energy - elbow

Joint absorbed energy - hip

Joint absorbed energy - knee

Joint absorbed energy - lower neck
Joint absorbed energy - lower spine
Joint absorbed energy - neck length
Joint absorbed energy - shoulder at arm

MVMA 2-D Data Quantities Available (Page 4 of 9)
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TABLE 3. MVMA 2-D Data Quantities Available (Page 5 of 9 )

QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Joint absorbed energy - shoulder at torso 16 8
Joint absorbed energy - shoulder length 16 10
Joint absorbed energy - upper neck 16 1
Joint absorbed energy - upper spine 16 4
Joint friction absorbed energy - elbow 28 8
Joint friction absorbed energy - hip 28 5
Joint friction absorbed energy - knee 28 6
Joint friction absorbed energy - lower neck 28 2
Joint friction absorbed energy - lower spine 28 4
Joint friction absorbed energy - shoulder at arm 28 7
Joint friction absorbed energy - upper neck 28 1
Joint friction absorbed energy - upper spine 28 3
Joint muscle tension absorbed energy - elbow 39 8
Joint muscle tension absorbed energy - hip 39 6
Joint muscle tension absorbed energy - knee 39 7
Joint muscle tension absorbed energy - lower neck 39 2
Joint muscle tension absorbed energy - lTower spine 39 5
Joint muscle tension absorbed energy - neck length 39 3
Joint muscle tension absorbed energy - shoulder at

arm 39 11
Joint muscle tension absorbed energy - shoulder at

torso 39 9
Joint muscle tension absorbed energy - shoulder

length 39 10
Joint muscle tension absorbed energy - upper neck 39 1
Joint muscle tension absorbed energy - upper spine 39 4
Joint stop absorbed energy - elbow 27 9
Joint stop absorbed energy - hip 27 5
Joint stop absorbed energy - knee 27 6
Joint stop absorbed energy - Tower neck 27 2
Joint stop absorbed energy - lower spine 27 4
Joint stop absorbed energy - shoulder at arm 27 7
Joint stop absorbed energy - shoulder length 27 8
Joint stop absorbed energy - upper neck 27 1
Joint stop absorbed energy - upper spine 27 3
Joint torques - elbow 15 9
Joint torques - hip 15 5
Joint torques - knee 15 6
Joint torques - Tower neck 15 2
Joint torques - Tower spine 15 4
Joint torques - shoulder at arm 15 8
Joint torques - shoulder at torso 15 7
Joint torques - upper neck 15 1
Joint torques - upper spine 15 3
Joint viscous absorbed energy - elbow 29 10
Joint viscous absorbed energy - hip 29 6
Joint viscous absorbed energy - knee 29 7
Joint viscous absorbe: energy - Tower neck 29 2
Joint viscous absorbed energy - Tower spine 29 5
Joint viscous absorbed energy - neck Tength 29 3
Joint viscous absorbed energy - shoulder at arm 29 8
Joint viscous absorbed energy - shoulder length 29 9
Joint viscous absorbed energy - upper neck 29 1
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TABLE 3. MVMA 2-D Data Quantities Available (Page 6 of 9 )

QUANTITY DESCRIPTION CATG NO. COL. NO.
Joint viscous absorbed energy - upper spine 29 4
Kinetic energy - arms 17 5
Kinetic energy - head 17 2
Kinetic energy - head superior-inferior 17 4
Kinetic energy - torso 17 3
Kinetic energy - total body 17 1
Line movement of Point A x 3 1
Line movement of Point A z 3 2
Line movement of Point 1 X 3 3
Line movement of Point 1 z 3 4
Line movement of Point 2 X 3 5
Line movement of Point 2 z 3 6
Line movement of Point 3 x 3 7
Line movement of Point 3 z 3 8
Line movement of Point 4 x 3 9
Line movement of Point 4 z 3 10
Line movement of Point 5 x 3 11
Line movement of Point 5 z 3 12
Linear component of joint torque - elbow 23 8
Linear component of joint torque - hip 23 5
Linear component of joint torque - knee 23 6
Linear component of joint torque - lower neck 23 2
Linear component of joint torque - Tower spine 23 4
Linear component of joint torque - shoulder at arm 23 7
Linear component of joint torque - upper neck 23 1
Linear component of joint torque - upper spine 23 3
Muscle tension forces - neck 38 10
Muscle tension forces - shoulder length 38 11
Muscle tension torque - elbow 38 9
Muscle tension torque - hip 38 5
Muscle tension torque - knee 38 6
Muscle tension torque - Tower neck 38 2
Muscle tension torque - Tower spine 38 4
Muscle tension torque - shoulder at arm 38 8
Muscle tension torque - shoulder at torso 38 7
Muscle tension torque - upper neck 38 1
Muscle tension torque - upper spine 38 3
Neck and shoulder forces - neck Tinear 37 1
Neck and shoulder forces - neck muscle 37 4
Neck and shoulder forces - neck non-linear 37 2
Neck and shoulder forces - neck total 37 5
Neck and shoulder forces - neck viscous 37 3
Neck and shoulder forces - shoulder Tinear 37 6
Neck and shoulder forces - shoulder muscle 37 9
Neck and shoulder forces - shoulder non-Tlinear 37 7
Neck and shoulder forces - shoulder total 37 10
Neck and shoulder forces - shoulder viscous 37 8
Neck joint coordinates - lower neck x 21 5
Neck joint coordinates - lower neck z 21 6
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TABLE 3. MVMA 2-D Data Quantities Available (Page 7 of 9 )
QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Neck joint coordinates - Tower neck x velocity 21 7
Neck joint coordinates - lower neck z velocity 21 8
Neck joint coordinates - neck length 21 9
Neck joint coordinates - neck length rate 21 10
Neck joint coordinates - upper neck x 21 1
Neck joint coordinates - upper neck z 21 2
Neck joint coordinates - upper neck x velocity 21 3
Neck joint coordinates - upper neck z velocity 21 4
Nonlinear component of joint torque - elbow 24 8
Nonlinear component of joint torque - hip 24 5
Nonlinear component of joint torque - knee 24 6
Nonlinear component of joint torque - lower neck 24 2
Nonlinear component of joint torque - lower spine 24 4
Nonlinear component of joint torque - shoulder at

arm 24 7
Nonlinear component of joint torque - upper neck 24 1
Nonlinear component of joint torque - upper spine 24 3
Quantity for region - average migration XR 2 3
Quantity for region - average migration ZR 2 4
Quantity for region - end point movement A-X 2 5
Quantity for region - end point movement A-Z 2 6
Quantity for region - end point movement B-X 2 7
Quantity for region - end point movement B-Z 2 8
Quantity for region - force component XR 2 1
Quantity for region - force component ZR 2 2
Quantity for region - number ellipse contacting 2 9
Shoulder joint coordinates - shoulder at arm x 22 5
Shoulder joint coordinates - shoulder at arm z 22 6

Shoulder joint coordinates - shoulder at arm x
velocity 22 7

Shoulder joint coordinates - shoulder at arm z
velocity 22 8
Shoulder joint coordinates - shoulder at torso x 22 1
Shoulder joint coordinates - shoulder at torso z 22 2

Shoulder joint coordinates - shoulder at torso x
velocity 22 3
Shoulder joint coordinates - shoulder at torso z

velocity 22 4
Shoulder joint coordinates - shoulder Tength 22 9
Shoulder joint coordinates - shoulder Tength rate 22 10
Steering column coordinates - gear box X 33 11
Steering column coordinates - gear box z 33 12

Steering column coordinates - wheel attachment
point x 33 9

Steering column coordinates - wheel attachment
point x 33 10
Steering column coordinates - wheel hub x 33 7
Steering column coordinates - wheel hub z 33 8
Steering column coordinates - wheel lower edge x 33 1
Steering column coordinates - wheel Tower edge z 33 2
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TABLE 3. MVMA 2-D Data Quantities Available (Page 8 of 9 )
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Steering column coordinates - wheel middle edge x 33 3
Steering column coordinates - wheel middle edge z 33 4
Steering column coordinates - wheel upper edge x 33 5
Steering column coordinates - wheel upper edge z 33 6
Steering column force components - head moment 36 3
Steering column force components - head x 36 1
Steering column force components - head z 36 2
Steering column force components - lower torso

moment 36 12
Steering column force components - lower torso x 36 10
Steering column force components - lower torso z 36 11
Steering column force components - middle torso
moment - 36 9
Steering column force components - middle torso x 36 7
Steering column force components - middle torso z 36 8
Steering column force components - upper torso
moment 36 6
Steering column force components - upper torso x 36 4
Steering column force components - upper torso z 36 5
Steering column forces - lower column extensional
‘ normal force 35 10
Steering column forces - lower hinge moment 35 12
Steering column forces - upper column extensional
normal force 35 9
Steering column forces - upper hinge moment 35 11
Steering column forces - wheel hub normal force 35 7
Steering column forces - wheel hub tangential force 35 8
Steering column forces - wheel Tower edge normal
force 35 1
Steering column forces - wheel Tower edge tan-
gential force 35 2
Steering column forces - wheel middle edge normal
force 35 3
Steering column forces - wheel middle edge tan-
gential force 35 4
Steering column forces - wheel upper edge normal
force 35 5
Steering column forces - wheel upper edge tan-
gential force 35 6
Steering column kinematics - lower column exten-
sional displacement 34 3
Steering column kinematics - lower column exten-
sional velocity 34 4
Steering column kinematics - Tower hinge angular
displacement 34 7
Steering column kinematics - lower hinge angular
velocity 34 8
Steering column kinematics - upper column exten-
sional displacement 34 1
Steering column kinematics - upper column exten-
sional velocity 34 2
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TABLE 3. MVMA 2-D Data Quantities Available (Page 9 of 9 )

QUANTITY DESCRIPTION CATG. NO.  COL. NO.

Steering column kinematics - upper hinge angular
displacement 34 5

Steering column kinematics - upper hinge angular 34
velocity '

()}

Unfiltered accelerations - chest A-P

Unfiltered accelerations - chest resultant

Unfiltered accelerations - chest S-I

Unfiltered accelerations - head A-P

Unfiltered accelerations - head resultant

Unfiltered accelerations - head S-I

Unfiltered accelerations - hip resultant

Unfiltered accelerations - hip x

Unfiltered accelerations - hip z

Unfiltered severity index - chest SI A-P

Unfiltered severity index - chest SI resultant

Unfiltered severity index - chest SI S-I

Unfiltered severity index - chest modified SI A-P

Unfiltered severity index - chest modified SI result-
ant

Unfiltered severity index - chest modified SI S-I

Unfiltered severity index - head SI A-P

Unfiltered severity index - head SI resultant

Unfiltered severity index - head SI S-I

Unfiltered severity index - head modified SI A-P

Unfiltered severity index - head modified SI result-
ant

Unfiltered severity index - head modified SI S-I

Vehicle response - horizontal acceleration

Vehicle response - horizontal displacement

Vehicle response - horizontal time

Vehicle response - horizontal velocity

Vehicle response - pitch acceleration

Vehicle response - pitch angle

Vehicle response - pitch velocity

Vehicle response - vertical acceleration

Vehicle response - vertical displacement

Vehicle response - vertical velocity

Viscosity component joint torque - elbow

Viscosity component joint torque - hip

Viscosity component joint torque - knee

Viscosity component joint torque - lower neck

Viscosity component joint torque - Tower spine

Viscosity component joint torque - shoulder at arm

Viscosity component joint torque - upper neck

Viscosity component joint torque - upper spine 26
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TABLE 4  BELT IDENTIFIER NAMES

Belt Name Report Belt Number Internal Belt Number
A. Advanced Belts

OUTBOARDDLAPBBLT 3 _ 15
INBOARDbLAPDBBELT 4 9
UPPERDTORSObBELT 1 N
LOWERbTORSObBELT 2 13
LOWERbRINGDSTRAP 5 17
UPPERbRINGbSTRAP 6 19
TORSObBELTBEXT.b 7 21
B. 01d Belts
bbbbLAPbBELTbbbb 1 9
UPPERDTORSObBELT 2 1
LOWERbTORSObBELT 3 13

NOTE: Each small letter "b" signifies a blank column., The name must be

specified exactly as shown to be recognized.

27




2.2.3 Data Phase Recognition (QP)

The Quantity Phase Command is provided to aid the user in recog-
nizing a phase shift between two data sets. The technique employed is
to make repeated correlations sliding the interval for correlation
along the two data sets. If the maximum correlation is near one, the
data should be further examined for phase shift.

The user indicates the starting times to be used on the two curves
by specifying a start starting time, an increment, and final starting
time for each curve. All combinations of starting times are correlated
and the maximum correlation selected.

2.2.4 Calibration Recognition (QA)

The Quantity Amplitude command uses a technique completely equiva-
lent to that discussed in Section 2.2.3 to aid in recognition of a
calibration problem. In this case, the repeated correlations are over
fixed set of points on the time and the multiplying factor is varied.
Again, if the maximum correlation is near one, the data should be
examined further for calibration problems.

2.2.5 Fourier Analysis of Data (FC)

The Fourier Coefficients command is provided to aid in analyzing
the frequency composition of an interval of data. The current version
uses a least squares algorithm to approximate the Fourier coefficients.
This technique assumes that the subset of time points is exactly
one period and computes harmonics based on that. The user will find it
necessary to apply this command repeatedly over relatively small
intervals to gain an approximation to the frequency half of one less
than the number of data points.

2.2.6 Generation of Digital Filters (FG)

The Validation Command Language incorporates an interactive
filter design program from other sources (see Section 3.3.4 for details).
This program is largely self-explanatory as far as input data is con-
cerned. Control information is expected as an integer five wide
except the response to "Enter the number of the band with weight = 1"
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which is to be an integer two wide. Integers must be right adjusted.
Frequency information is expected with a decimal point. The response
to "Freq. of upper edge, ripple (gain)" or "Lower edge, ripple (gain)"
are expected as floating point fifteen wide. The response to "Beg,
End, Points?" is expected as floating point ten wide.

The basic technique is to describe the filter by describing its
frequency response in terms of up to ten bands with stated frequency
beginnings, frequency endings, and gains given in decibels. The
frequency interval between the ending of one band and the beginning
of the next one is where the transition from one constant level takes
place.

In the case of a low pass filter, the relationship between the pass-
band ripple, the stopband gain, the filter length, and the transition
width has been investigated and the empirical results of that investiga-
tion have been developed into a set of filter design tables. Four
of these tables have been included as Table 5 of this report. The
tables are used as follows, given a passband ripple and a stopband
gain determine the minimum transition width and/or the minimum size
filter from the appropriate column of the table. The transition
widths are normalized and may be applied to a given sampling rate
by multiplying the transition width times the sampling rate and

dividing by a thousand to obtain the transition width for that sampling
rate.

2.2.7 Filtering of Data (FD)

Filtering of data is achieved by a technique of filtering twice,
once forward and once backward. This is done to Teave the
filtered data unbiased. The Table 5 compensates for this two step
filtering in its combined ripples and gains.

Filtering can be carried out by use of filters created by the
command FG or by use of one of twenty predefined filters. The
predefined filters are 1listed in Table 6. The normalized frequencies

are applied to a specific case by multiplying by the sampling rate.
The last two predefincd filters are used to escape adding alias to

data that is going to be taken every other point or every fourth point
in forming a new data set. Note that the predefined filters can be used
only with data sets of at least 150 points.
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TABLE 5.

FILTER DESIGN TABLES

APPROXIMATE LOwW=PASS
FILTER DESIGN TABLES

TRANSITTION

=4

210,
184,
157,
138,
123,
1,
101,
93,
85,
79,
T4,
69,
65,
61,
58,
55,
52,
59,
48,
46,
44,
42,
4,
319,
38,
36,
35.

- 34,

33,
32,
31,
29,
28,
26,
25,
24,
23,
22,
21,
20,
20,
19,
18,
18,
17,

.Sﬂ

223,
192,
167,
148,
132,
119,
108,
99,
92,
85,
79,
T4,
66
62,

56,
54,
51,
49,
47,
45,
4y,
42,
4n,
39,
38,
37,
35,
34,
33,
32,
3a,
28,
27,
26,
25.
24,
23,
22,
21,
e,
20,
19,

=50

235,
203,
177,
157,
140,
127,
116.
106,
98,
91,
85,
79,
75,
70,
67,
63,
60,
57,
55,
53,
50,
48,
47,
45,
43,
42,
40,
39,
38.
37,
16,
34,
32,
30,
29,
28,
27,
25,
24,
23,
23,
22,
21,
20,
20,

70

s=2

248,
eld,
187,
166,
149,
135,
123,
113,
{a4,
97,
90,
84,
79,
75,
71,
67,
64,
61,
S8,
56,
54,
52,
5Q,
48,
46,
45,
43,
42,
49,
38,
36,
34,
32,
31,
30,
28,
27,
26'
25,
24,
23,
22,
22,
21,

30

PASSBAND P*RIPPLE}

(1 of 4)

TABLES Te |

| ?,0100 DB
STOPBAND 24GAINI =4d TO =120 08

W IDTHE 1PPAX(FS=FP)

=50

259,
225,
197,
175,
157,
142,
1392,
119,
{104,
162,
96,
90,
84,
80,
75,
72,
68,
65,
62,
59,
57
55,
53,
51,
49,
47,
46,
44,
43,
42,
40,
38,
34,
34,
33,
31,
30,
29.
28,
27,
26,
25,
24,
23,
22,

=90

235,
207,
184,
165,
150,
137,
126,
116,
108,
191,
95,
89,
BU,
80,
76,
T2,
69,
664
63,
60,
58,
56,
52,
50,
48,
47,
4s,
44,
43,
ug,
38,
36,
IS,
33,
32,
30,
29,
28,
27,
ch,
25,
24,
24,

~100

282,
206,
216.
193,
173,
157,
144,
132,
122.
114,
106,
100,
94,
89,
84,
87,
76,
-72,
69,
66,
b4,
61,
59,
57,
55,
53,
51,
53,
48,
147'
45,
43,
41,
39,
37,
35,
34,
32,
11,
3a,
29,
28,
27,
26,
25,

=120

193,
265,
235,
210,
189,
172,
158,
tas.
15“.
125,
117,
114,
103,
98,
92,
88,
84,
B,
16,
7%,
T2,
67,
65,
63,
6%,
58,
56,
55,
53,
51,
Sﬂ.
47,
45,
43,
a1,
39,
37,
35,
34,
33,
32,
3a,
29,
28,
28.




APPROXTMATE LOW=PASS
FILTER DPESIGN TABLES

TABLE 5.

FILTER DESIGN TABLES (2 of 4)

TRANSITION

=yn

173,
147,
127,
111,
99,
89,
81,
74,
68,
63,
59,
55,
52,
49,
46,
44,
42,
ue,
.38,
36,
15,
34,
12,
31,
3,
29,
28,

27,

26|
25,
25,
23,
22,
21,
20,
lqg
18,
18,
17,
16,
16,
1S,
15,
14,
14,

50

186,
158,
137,
121,
148,
97,
88,
81,
74,
69,
64,
60,
57,
53,
Sﬂp
48,
46,
43,
41,
40,
38,
37,
35,
3u,
33,
32,
31,
37,
29,
28,
27
2S5,
24,
23,
22,
21,
2,
19,
18,
18.
17,
‘(J.
16,
15,
1S,

=67

198,
174,
148,
130,
116,
105,
95,
87,
8,
75,
179,
65,
61,
58,
55,
52,
49,
47,
4s,
43,
41,
40,
38,
37,
35,
34,
33,
32,
3,
3In,
29,
28,
26,
25,
24,
23,
22,
21,
20,
19,
18,
18,
17,
17,
16,

31

LN

219,
181,
158,
139,
124,
112,
102,
94,
86,
80,
75,
79,
66,
62,
59,
56,
53,
51,
48,
46,
4a,
43,
41,
4a,
38,
37,
36,
35,
33,
32,
32,
30,
28,
27,
26,
24,
23,
22,
21,
21,
20,
19,
{9,
18,
17.

PASSBAND 2*RIPPLES

TABLES Te 5

| 0,0507 08
STOPBAND 2#GAINg =u4@ TO =120 DB

W 1D T HE 100Ax(FS=FP)

=80

222,
192,
167,
148,
133,
120,
189,
100,
92,
86,
8,
15,
79,
67,
63,
69,
57,
54,
52,
50,
48,
46,
4y,
42,
41,
40,
38,
37,
36,
35,
34,
32,
10,
29,
27,
26,
25,
24,
23,
22,
21,
21,
2,
19,
19,

=90

23“.
202,
177.
157.
141,
127,
116,
106,
98,
91,
85,
80,
75,
71,
67,
bi,
61,
58,
55,
53,
51,
49,
47,
4s,
a“'
42,
41,
39,
38,
37,
36,
34,
32,
31.
29,
28,
27,
2h,
25,
24,
23,
22,
21,
2t
28,

-100

- = o
- - we

245,
212,
187,
166,
149,
135,
123,
113,
104,
97,
90,
85,
8a,
75,
71,
68,
b,
61,
59,

56,

54,
52,
50,
48,
46,
4s,
43,
42,
41,
39,
38,
36,
34,
33,
31,
30,
28,
27,4
26,
25,
24,
23,
23,
22,
21,

=120

267,
232,
205,
183,
164,
149,
136,
125,
116,
128,
101,
94,
89,
84,
79,
75,
72,
69,
b6,
63,
60,
58,
Shy
54,
52,
5%,
48,
47,
45,
a4,
43,
4a,
33,
36,
35,
33,
32,
39,
29,
28,
27,
26,
25,
24,
24,

FLTER
LENTH

i1
13
15
17
19
21
23
25
27
29
31
33
35
37
39
uy
43
45
47
49
51
53
55
57
59
61
63
65
67
69
73
17
81
85
89
93
97
101
105
129
113
117
121
125




TABLE 5. FILTER DESIGN TABLES (3 of 4)

TABLEY Te 7
APPROXIMATE LOW=PASS PASSBAND P*RIPPLE Y P.1700 DB
FILTER DESIGN TABLES STOPBAND 2%GAINg »4@ TO =12@ OB

TRANSITION WIDTHE 100ax(FS=FP)

LENTH -4p =50 =60 70 =30 =90 =100 =120 LENTH

N === === === === === === ==z ==3 N

9 o= 156, 169, 181, 194, 206, 217, 229, 25@, == 9
{1 o= 132, 143, 155, 1166, 177, 187, 198, 218, == i}
13 == 114, 124, 134, 144, 154, 164, 173, 191, == {3
1S o= 189, 1¥9, 118, 127, 136, 145, 1S53, 170, == 5§
17 == 89, 97, 105, 113, 1122, 13, 137, 153, e= {7
{9 == 8, 87, 95, 102, 110, 117, 124, 139, == 19
21 Ll 7?. 79. 86. 93. 1“0. 187| 113' 1270 "e 21
23 == 6h, 724 79, 85, 92, 98, 104, {14, == 23
25 we 61, 67, 73, 79, 8s, 90, 96, 108, w= 2§
27 == 56, 62, 67, 73, 78, 84, 89, 1008, =~ 27
9 w= 52. 58. 63. 68. 73. 78. 83. 93| bl 29
34 == 49, S4, 59, 64, 69, 13, 78, B8R, we 3{
313 == 46, 5’,. SS. 6“. 6“. bq| 73. 82. haliad 33
36 wm 43, 48, SZ. S6, 61, 65, 69, 78. ne 35
37 = 4, 45, 49, 53, 58, 62, bb, T4, we= 37
319 == 39, 43, 47, 51, 55. 58, 624 78, == 139
al - - 37' al. 45. L‘S. 52. Sbl Sql b7l et al
43 == 35. 39. UE. Qb, Sﬂ. 53. 57. 6({. - 4%
45 e= . 34, 37, 41, 44, 47, St, 54, 61, == 4S5
U7 me= 32, 36, 39, 42, 45, 49, .52, 58, we 47
UG == 31, 34, 37, 40, 43, 47, 50, S6, == 49
51 o= 30, 33, 316, 39, 42, 45, 4B, 5S4, == 5%
53 »= 29. 32, 34, 37, 40, 43, 46, 52, == S3
55 == 28, 3o, 33, 36, 39, 41, 44, 5@, == 55
57 == 27, 29, 32, 35, 37. 4B, 43, 48, == 57
59 == 26, 28, 31, 33, 36, 39, a1, 46, == 59
6] »w= 25, 274 3a, 32, 35, 37, ua, 45, == 64
63 we 20. 26. 29| 31. 3“. 36. 39g 43. fadial 63
65 ma= 23. 26. 28. 3”. 33. 3‘3| 37. 42. Lol 65
67 == 23, 25 27, 29, 32, 34, 36, 41, == §7
69 m= 22, 24, 26, 29, 11, 33, 35, 49, i 69
73 =mw 2‘. 23. 250 270 29, 31, 330 37, ve 73
77 o= 2P, 22, 24, 26, 28, 30, 32, 36y == T7
8’ At lq| 21. 22. Zu. 26. 28. 3@. 3“. Ll 81
85 ww 18. 2“. 21. 23. 25. 27. 29| 32. me 85
89 == 17, 19, 29, 22, 24, 2b, 2T, 31, se 89
93 =w 16, 18, 29, 21, 23, 24, 26, 29, ==~ 93
97 =e {6, 17, 19, 22, 22, 23, 25, 28, == 97

10] == 15, 16, 18, 20, 21, 23, 2H, 27, == 10}
105 we 14, 16, 17, 19, 20, 22, 23, 26y == 105
109 == 14, 1S, 17, 18, 19, 2%, 22, 25, == 1P9
{13 w= 13. 15, 16. 17, {9, 20, 21| 203 = {13
117 we 13, 14, 16, 17, 18, 19, 21, 23, == {17
{2] == 12, 14, 15. 16, 18. 19. eh, 23. se {2}
125 we 12, 13, 15, 16, 17, 18, 19, 22, == 125
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TABLE 5.

FILTER DESIGN TABLES (4 of 4)

APPROXYIMATE LOw-PASS
FILTER DESIGN TABLES

TRANSITION

-4a

114,
95,
82,
71,
63,
56,
51.
a7,
u3,
40,
37,
35,
32,
31,
29,
27.
26,
25,

et
23,
22,

=50

127,
137,
92,
80,
71,
64,
53,
49,
4s,
4z,
39,
37,
35,
33,
51,
30,
28,
27,
26,
25,
2l
23,
22,
21,
2l
2,
19,
19,
18,
18,
17,
16,
15,
14,
14,
13,
12,
12,
i1,
11,
i1,
10,
19,
10,

wbH(

14a,
118,
12,
89,
79,
71.
65,
59,
54,
50,
ar,
uu,
41,
39,
37,
35’
33,
32.
33,
29'
28,
27,
26,
25,
24,
23,
22.
21.
21,
28,

33

=70

163,
129,
112,
98,
87,
78,
71,
65,
60,
56,
52,
48,
46,
43,
41,
19,
37,
35,
33.
31,
29,
28,
27,
26,
25,
25,
24,
23,
22,
22,
29,
19,
18,
18,
17,
16,
15,
15,
14,
14,
13,
13,
12,
12,

PASSRAND P*RIPPLES

TARBLES T=13

?,5000 DB
STOPBAND 24GAINS =4@ TO =122 DB

W I DT Ht 1P2Ax(FS=FP)
=80 =90 =100 =120
165, 176, 188, 210,
t4a, 151, 1161, 18},
121, 131, 140, 158,
197, 115, 124, 1409,

95, 183, 111, 126,
86, 9%, 1tem, 114,
78, 84, 91, 103,
71, 774 83, 9s,
66, 71, 77, 88,
61. 66.‘ 71. 81.
57, 62, 66, 716,
53, 58, 62, 71,
50, Sd, 58, 67,
07. 51! 55. bSC
ug, 48, 52, 67,
42, 46, 59, 57,
4@, 40, 47, 54,
38, 42, 45, 52,
37, 48, 43, 49,
35, 38, 41, 47,
34, 36, 39, 45,
32, 35, 38, 43,
31. 3“. 36; QZ.
3@. 32. 35. aao
29, 31, 34, 39,
28, 38, 3%, 38,
27, 29, 32, 36,
26, 28, 31, 35,
25, 27, 3, 34,
24, 27, 29, 33,
2u, 26, 28, 32,
22, 24, 26, 32,
21, 23, 25, 29,
2“. 22! 2“! 27.
19. 210 23. 26'
18, 29, 22, 25,
18, 19, 21, 24,
17, 18, 2f, 23,
16, 18, 19, 2?2,
164 17, 18, 21,
15. 16, 18, 28,
14, 16, 17, 2n,
14, 15, 164 19,
14, 15, 16, 18,
13, 14, 15, 18,

FLTER
LENTH

SS=

11
13
15
17
19
21
23
25
27
29
31

35
37
39
41
43
4s
ar
49
51
53
55
57
59
61
63
65
67
69
13
17
81
85
89
93
97
181
105
109
113
117
121
125



Filter No.

1

10
11
12
13
14
15
16
17
18
19
20

TABLE 6. PREDEFINED FILTERS

Normalized Upper
Filter Name Passband Frequency

LP050000 .05
LP056123 .056123
LP062996 .062996
LPO70711 .070711
LP079370 .07937
LP089090 .08909
LPT00009 .
LP112246 .112246
LP125992 . 125992
LP141421 .141421
LP158740 .15874
LP178180 .17818
LP200000 2
LP224492 .224492
LP251984 .251984
LP282843 . 282843
LP317480 .31748
LP356359 . 356359
LP030000 .09
LP180000 .18

34

Normalized
Stopband Fr

.

. 10875
1175
. 12875
.14

. 1525
. 16625
.18125
.1975
.21625
.23625
. 25875
.2825
.31
.34
.37375
41125
.4525

125
25

Lower
equency

ANTI-ALIAS 1:4
ANTI-ALIAS 1:2



2.2.8 Constants Produced and Automatically Named by CM

Various Commands of the Validation Command Lanquage produce various
discrete quantities from time-varying quantities. These discrete
quantities are called constants and stored with identifying names
in a similar manner to time-varying quantities which are called
variables. If more than one constant is produced by a command, the
command language automatically generates and prints out names for
the constants.

The generation of names is carried out by truncating the Dataname
to six characters if it is longer than that and suffixing a fixed
two character code. Table 7 contains the two character codes and
a description of the codes for the various commands which create
names.

0f the eight constants produced by the CM command, the confidence
interval deserves comment. When the confidence interval is small
with respect to the mean and variance, the implication is that the
data set is normally distributed.

2.2.9 Four Special Indices (CH, CS, CG, and TM)

HIC, Severity Index, Modified Severity Index, and the Three
Millisecond Average should normally be applied only to head accelera-
tions although some of these indices are applied to chest accelera-
tions. The computation of the four indices is discussed in Section
3.3.3.

The names produced by TM are presented in Table 7.

2.2.10 Constants for Compute Frequency (CF)

The Compute Frequency command is very similar to the Fourier Co-
efficients command except CF produces only two constants which represent
the maximum coefficient and its corresponding frequency. This com-
mand will aid in manipulating any dominate coefficients. The names
of the two constants can be constructed using Table 7.

2.2.11 {Constants for Pointwise Means (PM)

The Pointwise Means command is included to aide in the reduction
of data from replications or obtaining averages of kinematics over
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TABLE 7. TWO CHARACTER SUFFIX NAME CODES

Command Suffix Name Code Constant Description
CF CM Maximum Coefficient
FR Frequency for maximum coefficient
CM AX Maximum
CF Confidence Interval
ED Median
EN Mean
IN Minimum
NM Number of points minus one
0D Mode
VR Variance
PM AX Max imum
EN Mean
IN Minimum
VR Variance
™ AV Three millisecond average
IT Leading time of interval
PK Peak value
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body parts. Four constants are produced as well as the mean curve and
these all refer to the mean curve The names of the constants can be
constructed using Table 7.

2.2.12 Regression Fitting (RF)

The Regression Fitting command will compute coefficients for more
than one degree polynomial. Goodness-of-fit statistics, a covariance
matrix, or a regression analysis on the coefficients is not provided
at this time. However, the "goodness-of-fit" can be examined by manually
comparing the printed values of the computed polynomials with the input
values and accepting or rejecting various fitted polynomials on the basis
of the apparent residuals. At this time, neither the coefficient nor
the computed values of the fitted polynomials are saved for later use.

2.2.13 Formula Interpreter (FI)

The FI command consists of a Name for the new constant or data set*
to be created, three input parameters (start time, time increment, and
final time), and a formula which is to be computed. The start time, time
increment,and final time describe both the data set to be produced and
the subset of time points which must be present in any non-constant data
set named in the formula. If the Start time equals the Final time,

a constant is created and any non-constant data set named is evaluated
for this time. The formula must start in column one of the first line
after the parameter specifications end. The formula must be contained

on not more than ten consecutive eighty character lines. The formula
consists of a string of subterms joined by binary operators (see Table 9)
and ends with an "$E" . Each subterm consists of zero, one or two unary
operators (see Table 8) followed by the name of the constant, the name of
a data set, or a numeric quantity.

Each unary operator applies to the portion of the subterm which
follows it. Table 8 defines the five unary operators.

* "Constant" implies a time-independent quantity or one time point.
"Data set" implies a time-dependent quantity specified at least at
two time points.
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TABLE 8. UNARY OPERATORS

Operator Function Comments
$A Take absolute value No restrictions
$C Take cosine of value Value assumed in degrees
$M Change sign of value No restrictions
$Q Take square root of abso- No restrictions
lute value
$S Take sine of value Value assumed in degrees

If the last unary operator of a subterm is followed by a sign,
a number or a decimal point, a numerical quantity is expected and is
of the form (S)(N...N)(.)(N...N), where "S" is "+" or "-", "N" is a decimal
digit, and "." is a decimal point. "( )" indicates that what is enclosed
is optional but must not be included in the specification. If a
letter follows in this situation, a name of a constant or a data set
is expected.

Table 9 defines the five binary operators.

TABLE 9. BINARY OPERATORS

Operator Function Comments
+ Addition No restriction
- Subtraction No restriction
* Multiplication No restriction
/ Division Subterm following must be non-
zero
fala Exponentiation Previous portion of term may

need to_be nog-ne ative for
some values of exponent

A1l evaluation of binary operators is from left to right. If the binary
operator is addition or subtraction it marks the beginning of a new term.
The other three operators always connect the part of the current term
before the operator with the subterm which immediately follows the operator
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to continue building the current term. Evaluation of binary operators
is from right to left with each subterm. The FI command may be used as
many times as desired to build up a complex computation.

For example, consider the formula a_ = /ai + a; to be evaluated
every ten msec. over a 200 msec run. Assume that the a values are in
data set AX stored every msec and ay values are in data set AY stored
every five msec. The following two FI commands are required:

FI ARSQ.
0,10,200%
AX*AX+AY*AYSE
FI AR.
0,10,200%
$QARSQSE

The resultant is stored in data set AR and ARSQ contains the sum of squares.

2.2.14 Plots (SP, PQ, PC, PP)

The four plot commands are used and reused to produce printer pints
of four basic kinds. The POLAR plot shows ratios of constants with
respect to the unit circle and two limiting circles. Up to 26 pairs
of quantities as are desired may be presented on one plot.

The CART plot reproduces one or more quantities versus time
on a rectangular grid. The DEV plot is the difference of two curves
shown around zero. The phase plot is two related variables plotted
as a function of each other for all the time points present in the
time subset.
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2.3 Description Of Command Language Output

The Command Language produces four levels of output. Output
directed to the interactive user which may be redirected to a batch
printer in a batch environment. Output directed to a batch printer
even when interactive communication is going on. Diagnostics
directed to the interactive user when error conditions occur.
Auxiliary output directed to the interactive user at his request
to supplement the normal interactive printout. The next three sec-

tions describe these four cateqories of output briefly.

2.3.1 Interactive Output and Batch Output

Interactive output consists of items which are useful to see
during an interactive session. These items include assigned names,
verifications that what was supposed to happen did happen, and
reminders of the values of certain quantities. The Batch Output
consists of items which the user will want to see but not during
the interactive session. These items include the complete printout
of the regression fitting program and the print plots.

2.3.2 Diagnostics

Table10 lists the diagnostics printed by the Command Language, the
routine which is involved in case debugaing is necessary, the
meaning of the diagnostic, and user action which is indicated.
Table10 does not include diagnostics from the filter design package.

2.3.3 Auxiliary QOutput

The Auxiliary Output is all interactive and could be described
as more of the same with reference to the Interactive Output.
The Auxiliary Output essentially makes most commands act like
Assessment Division Commands. Much of the informationeach command
computes is printed out.
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2.4 Sample Input and Output

Four example runs are presented in this section. All four runs are
artificial for the purpose of demonstrating most of the commands of the

Command Language.

The first run is set up with: 1. the input stored in a data file
(see Table 12), 2. the test data file which was read, set up in an input
file (see Ta e 11); 3. Interactive and Auxiliary Output coming out over
the teletype (see Table 13 pp. 1-4), and 4. the printer plots coming
out to the batch printer (see Table 13 pp. 5-14). The input quantities
are from two exercises of the MVMA 2-D model (Run A and Run B) and a com-
pletely artificial saw tooth wave presented as test data. This data is
run through a selection of commands more or less in the order presented
in Table 1. The output is largely self-explanatory -- the user is urged
to follow it through.

Table 14 page 1 is the command data set for the
second example. This example defines two data sets HEADA and HEADB
which are the head resultant accelerations from the two MVMA 2-D Model
Runs. Even though there are 101 time points in each, twenty-one time
points are printed out. A new data set is created (HEADC) which has
eleven time points based on the last one hundred milliseconds of the
HEADA data set. A constant is created (HEADD) which is equal to the value
of HEADA at time one hundred milliseconds. A new data set (DIFF)
of twenty one points consists of the difference of a subset HEADA
and HEADB. The formula interpreter is used to create a new data set
(ANSW) which is computed as follows:

ANSH = 1.5 (-HEADD) + S—EP08— _ pIfF - 1

Table 14 page 2 is the Interactive and Auxiliary Output for this example.

The third example designs a filter, checks it, stores it, and
applies it on head acceleration data. One of the predefined filters is
applied to the same data. The original data and the two filterings
are printed. Then the two filterings are subtracted and one of them
against the input data. MTS Fortran 1/0 allows a comma to be used as
a field termination character. If the user's Fortran I/0 does not
allow this convenience, do not do as the example does (see example 4)
because it is Fortran and not the Command Language which is doing it.
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In this example, the input is truly interactive, but the output is
treated the same way as the first example. Table 15 contains the
Teletype Output followed by Batch Qutput for the second example.
Again the output is self-explanatory.

The fourth example is a reworking of the first three examples
and is run alone in a batch environment. The batch inbut, the
batch output from the auxiliary output together with the regular
batch output form Table 16. Note that the filter generation input
is properly formatted.
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TABLE 11. SAMPLE FILE TEST DATA
1 0. 10. 21 -1 1
2 (E10.0)
3 5.

4 4.
5 3.
6 2.
7 1.
8 0.
9 1.

10 2.

11 3.

12 4.

13 5.

14 6.

15 7.

16 8.
17 9.
18 10.
19 9.

20 8.

21 7.

22 6.

23 5.




1 cr.
2 1,200.,1¢
3 £B NUNLE.
4 gx
3 Ty 1L31V.
6 1,10.,20C.*
7 MK
8 1, 2%
9 My LEADA,.
10 €r3,c0,200.%
11 My CliBo'ib.
12 (),b’;.o,LC\:‘o*
13 MY haiFA.
14 6,9, copull.%
12 My boda CihbollZ TSR
1 Ly 3pcagdlUaX
17 MY viodh UbebR L[URSU LLLT
13 $,69,000cCox
19 M) LOWubhe
25 11,6 ,20,c000%
2 MY UEPELA
272 11,3,60,¢000%
23 B
24 3, 4%
25 M) nbADD.
20 3, 20,eC0.%
27 MY ChLobib.
23 D,C,ce,00 %
29 MO LiPL.
3N 2,9, 400U ¥
31 M) Flro Cubols 153
32 4,3,c0,c00%
33 MQ ERLIL UbtER 1TORS0 BLLY
34 G,o0,c0,200.0%
3c ) 10wkave
in M,d,20.0,c00.%
31 My JEDEEL.
33 11,3, 00, 000%
34 BE LLolv,
49 CopiCe,elUa, 2,10,2,c%
M D TEsSLV,
42 QP2 FCnd fFlLS.
i3 100e, 10, 1504,2.,100.,10.,1530.,2.,20%
4y VA FCHA IClo.
45 1400, 20,0600 ,20,20,00,e1,1,2%
4k FC HioADh.
7 Copie, 200, 0%
44 372 LULA L[CL AR,
4 1400 ,¢4,200.%
5¢€ S5a rlop Flhiob.
21 1904 , 20,2000 %
52 Ci ulAuh p2Ch,
53 S,5,.80%
54 CH drAdb BEilL,.
59 SeD,085%
50 Cs CubSia Sih.
57 Coyca, 20>
59 Co CheSib SYitb.
5y De,zce,ulo®

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 1)
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) Ce Lhubin bSJA,

61 Oepeagatioe®
52 Ci Chigvilk told.
L3 Qoyue,cllax
S CY hapd.
) 0o, 00, %
66 CY niPbe
67 0o, 00 %
X! CI Fuda PLHAAI,
59 14y, , 2004 %
70 CI Foeunuvo Foeuobpl.
71 140, , 00 *
72 CF dLabD3.
73 500, 20, 100, , 4%
4 ‘% nhbava.
75 [P
7+ T4 hEaDo.
71 Coyee, 200 %
78 Ma TLslV TEs1TV2,.
73 2P VR FERPR VIV
410) CC osebLiwn obElTb ohLTC,
41 Cejeos, 2l e Veyae®
32 CV ulilPh Libo.
Y3 P4 LUAna UUVDPERA LOWSED UPPoBP VEL.
34 Cuyle,20ia%*
g5 5P PPLIN. POLAL.
4 elyedy ek
37 PO uiCA niCu.
58 15.%
] Py 51N o5lb.
40 U %
21 PY bLooA rolde
32 Bl *
93 PO haParh HiFPAAA.
9y 18, *
95 PY FUMAAL cuUr 3B..
PR 154>
47 PQ “S.A SZIA.
48 190, %
99 PY Y28 SIu.
1390 220, %
1 Py tnbavabn abADoPK.
112 222.%
122 Py itrAvdaV alADoAV,
104 290, %
V) Pe Vie_aa ViLlN,
1)1 334,*
17 Po.
193 3P Phov't Phasl,
19 100e, 2e0a, 15000, %
10 EC Flid CibbtA,
111 PP,
112 SE PEINT Canl.
113 27 e, =100 0., 0G0, %
114 PC V1L,
115 PC ULPLuLA.
Mo PP.
17 SP PLING DRV,
18 230e g=0( 04,6000, *
1149 PC obtLla CbL'iD.

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 2)
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129 PC FCdah FCiibB,

27 pPe.

122 PS SLuLTC.

123 T2 1E5TV..

124 Teplle, el %
END OF F.ilk

TABLE 12. SAMPLE COMMAND LANGUAGE INPUT (Page 3)
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SERUM OFF SeDATH c=#FRIMNTe T=eiINke Z=FILTAE 9=TOAT 1=53 Z=33 3=H3I d4=HI
SFNECUTION PEGING

DEFARLILT FINAL TIME 1I PEIET TO 200,00 MIEC

OQUTPUT QUANTITIED FOR THIZ PUN ARE IN METRIC UMITE,

LOSICAHL DEVICE MUMEER FOR TEST DRTR I 2

TEST QUAMTITY NAMEL TESTW FROmM n. o TO 00,0 HT 1000 MEED IMTERWALE.
HE=T COWR LINET COMTAIN MODEL FUN DEZCRIFPTION

MYMA 2=00 AN MODEL RUN A

MYMR 2=0 VER, =
JUL S 19TENNI N4 ED
GURMTITIES FROM THIT RUM ARE IM METRIC  UNITE.
FIMAL TIME FECOFDED IS za0.0 MIEC TIME IMCREMENT IZ 2.0 MIED
SCTHUAL MUMEER OF FOIMTS IS 101, HUMEBER OF ELLIFPSEZ = 1S, OF LINES = 7
OF FEGIOME = 10« OF INTERACTIONE = 14
UMFILTEFED ACCELE HERD RESLILTHT
MODEL CUANTITY MAMED  HERDA FEOM 0.0 TO 200.0 8T S MITEC IMTERVALE.
LUHFILTERED ACCELT CHEELT FESULTHT
MODEL OUAMTITY HAMED CHEZTR  FROM 0.0 10 o0, RT 2.0 MIEC INTERWALC.
LUHFILTERED AMCCELS HIF REZILTHT
MODEL SUAMTITY HAMED HIFA FrOM 0,0 Ta zan, 0 AT S. 0 MTED IMTERVALE,
TLL-LIMsCHESTE WIOLEIER HM FORCE
MODEL DUAMTITY HAMED FHA FrROM 0.0 7O 0o, 0 \/Y
ELT-HTH:LUFFER TORZO BELT WE H-F
MODEL QDUAMTITY MAMED  EELTH FROM 0.0 TO san. 0 AT
EODY L IHE AMG WVEL MIDDLE TORZ0
MODEL QUAMTITY HAMED LOweRR FROM n,nTo 0.0 AT
EQDY LInk A WEL UFFER TORZO
MODEL SURMTITY MAMED  LFFERA  FROM O.0 7O 00,0 97 2.0 MTEDT INTERYHLE,
HEST FOUF LIMET COMTAIM MODEL FUM DEZCRIFTION
MYMA 2-T MAN MODEL RUM E
\

I MIEC IMTERWALL.

na
.

[aX]

0 MEEC IMTERYALT,

IMIED INTERWALL.

]

MR ==y VER, 3
Do Ay tavenninT 1l
OAMTITIES FROM THIE FUN RRE IH METRIC  UMITE,
FIMAL TIME RECOFDED 1% 00,0 MIEC TIME THOREMEMT IE S MTED
HOTUEL, MUMEER OF FOIMTE IS 101, HUMEER NF ELLIFZES = 1S« OF LIMES = w
OF FEGIONT = 2y 0OF INTERRCTIONZ = 14
UMFILTERED ROCEL: HERD FEZLILTHT
MOUEL QUAMTITY MARMED  HERDE FrOM n.0o 170 Zon, 0 A7
UMFILTERED AHOCELE THEET REZULTHT
MODEL TWIAMTITY MAMED  CHEZTE  FROM . 7O ot Al
HHFTLTERED ACCELT HIF FEZULTHT
MODEL TUARNTITY MAMELD HIFE FrROmM o.0 10O 2an, 0 /T
ELL-LIMSCHE=TE Vi LEZER MM FORCE
MOTEL GUARMTITY MHAMED FCHE FROM .0 T3 0,0 AT
ELT-RTH:UFFEF TOREZO EBELT VI A=+
MODEL GilaMTITYy HAMELD  BELTE F&OM 0.0 TO gnn.n AT Z. 0 MIES THTEZRWAL D
0D LIMK SME WEL MINDLE TArRZO
MONEL DURMTITY HAMED LOWERE  FROM N 10 con.n AT S MEIEC INTERYAL D
EODY LIMk HHG YEL LIFFER TORZO
MODEL UAHTITY HAMED  UFFERE FROM 0.0 70 00,0 AT L MEZED IMTERVARLL,

SOPEED THTERVALL.

e

MEED THTERVAL .

o
-

1 MEIED INTERWALL,

M

IOMEEC THIERMVAL D,

1
-

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH
OUTPUT (Page 1)

49



" "
L 0a
L nn
4. D0

. 0
.01
0, 0z

[ Y ORI W]
0 e 1

!
n, = c.nn i.
i, nd 1. 100 o S n,
£ n.ns 0.0 3033 1.0
7 . e 1. 00 an 1.40
b 0,07 2.0 L0z . 0e
a 0. 0s 2,000 .35 S Ty
10 k] 4,00 =3 3,33
9

—
o

. tn S. U

=

[ IO 4 T R+ TS RS CUR VR P
= T

1z .11 S Ll .3 B,

I n.1: Tl LES Vs
14 .12 =] 97 =, 04
15 .14 Q9,00 £330 COE

1% 1,00
.16 Q, 0
0o1v S0
.12 Foan
.19 o 0
0,20 S, 0

—t
T
'

"
-

g = = T o

Fi D) o s
=g

i LR

I DEBFEE 4 FIT LEGFEE S FIT e FIT DEGFEE & FIT
1 PR S.Co6 1 5,88
c = G030 E=L =1t
3 1 1.67 1.75 1.4
5 [ 1. 08 1.15 1.1%
B 1 n,av 0,3 .34
7 1 1.10 1.11 1.1&
= c 1.1 1.686 10687
N St el R 2.5 oL 5

10 = 3 3 ER

11 4. S, .

1 = [

13 7 7

14 T 2

1& . o E

17 ., = =

13 7 7 .

2 & = S, 3

ol 4 4,50 4,37

I DEGREE = FIT DEGREE 10 FIT
1 5,17 5. 26
z 3. 5% .81
E e N
4 1.74 1.7z
s 1.1z 1.1%
= .3 1, 2
7 1.11 .15
= 1067 1.52
2 .95 T.5%
L EN- 163
11 4. 4
z . £
14 E &
14 R =N
1= - .
1= 7
z0 =,
21 5

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY QUTPUT FOLLOWED BY BATCH
OUTPUT (Page 2)
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FOr QUHNTIT' NAMED  TESTY MEHTUFE‘ ARE: MIN = n,n v MAX = 10,0000

MERN = 00ty WHRIAMCE = L0ESE. MODE = S. 0000y MEDIAM = S.onnn

A UUHNTITIE, HAMED FHRA HHD FCHE

FHHZE CORRELATION COEFFICIENT I 0,3303

ITAFT TIME FOR FIRST OURMTITY I 120,0 AHD FOR ZECOMD IS 1&0.0 MIEC.

CTAFT TIME ZHIFTED FROM 0.0 T 140,00 MIEC

TTARET TIME =HIFTED FROM 0.0 7O 140,00 MIEC

FOF NMUANMTITIELZ HAMED FIZHA HHD FiUHE

AMPLITUDE COFFELATION COEFFICIENT I 0,2272 WITH FARCTOF OF

FOF GLURNTITY HEMED  HEARDR FOUFIER COEFFICIENTE AFE 27 . 73R
-5.37S -14.880 -3, 975 ~2.450 0,258 -1in,226 12.
-3,473 -1.re4

LTHRET TIME IT fi. 0 TIME IMTEESWRL T:Z S0 FERIOD I3 S0, 0 MIEC,

MUMEBER OF HARMOMIC: T3 S BRTIC FREOLEMIY I S O600 CRI,

STRET TIME THIFTEDN FROM non TO 140,00 MIED

GLARMHTITY MAMET FUHA  « ETARTIMG TIME ZHIFTED FROM 0.0 7O 140,00 MZEC

FEMAMED  FCHRH

ITRRT TIME LHIFTED FROM .0 17O 140, 0 MIED

CHLIAMTITY MAMED FCHE « STRRETINMG TIME ZHIFTED FROM n.0 7O 140, 0 MEEC

SEHAMED  FCHEE

1,1000

L L

FOR GUAMTITY MAMED  HERDA C.o INDES = CEOMITH T1aTE= 0. 0300 w2000
L. IHIE: = S R WITH TiaTe= n,0a00 0,200y

H. 1.
FOR MUAENTITY MAMEDT HERDE H. 1.
FOR GUARMTITY MAMED  CHEZTH  FRO

&g

3] 0.0 70 Z0a.0 AT Do MYEC INTERWALE
JEVERITY IMDE: HAT VALUE  23&.2630

FOR QANTITY MAMED  CHETTE rFUH O.0 7O 00,0 RT N, 0 MZEC IMTERVALED
TEVERITY IMDEX HET WALLE  20S, 2737

EOrR CLAMTITY MHAMED  LHEZTH  FFOM 0.0 70 00,0 AT e MIEC IMTERWALL

MODIFIED ZEWERITY IMDE: HAS WALLUE 445, 12772

FOR GOURMTITY WAMED  CHEIZTE  FROM oo TR Fuo, 0 AT t, 0 MEEC THTERWALL

MODIFIED SEVERITY IMDEX HRI YALUE  47S.4ec08

HEW HEmED gRET HIFAR:Y HIFAIH HIFREH HIFRYF HIFARCF HIFAOD HIFARED
HTFAMHM

FOR GURHTITY HRNQD HIFH MERIURES HRE: MIN = M, 4546y MAY =
EAM = 1, =812« WARTAMCE = 127.8424 NODE = 15,8957 MEDIAN =

COMFIDEMZE IMHTERYRL = S

HEW HREMES RRE: HIFERM HIFEIN IFEEN HIFEVE HIFELCF HIFEROD HIFFED
YIFEHM

COF DUGANTITY HAMED HIFE C HFE: MIM = D.R0eT MRS = Sl 57k
MERN = 18,716 VHRIAMCE = 162.2%m5 MODE = 10,4212« MEDTRAM = 14, 2%
COMFIDEMCE IMTERYAL = CELTERY

FOR DUSHTITY MAMETD  FIZHAA FROM 140,00 TO 00,0 /T S D MEED IHTERWAL DS
IMTESRAL I% 142, 2243

FOR TAMTITY MAMED  FCHEE FrROM 1406,0 TO cnn, 0 RT Cu 0 MIZEC THTERWALD
THTEGRRL I3 175, 2830

HEW HRMET ARED HEADEFFR  HERHTECH

STHRT TIME THIFTED FROM o 7O Soon MTES
CLAMTITY HMAMED  HERDE FROM  Sn.n TO 15000 AT Co MIED THTERVHLE
He D FRELIIEMCY i, L WMITH COEFFTICTENT E. BEER

FEMAMED FEZFPECTIVELY HERDEFFR  AMND HERDELCH

HEW HAMED ARFE: HERDAFK  HEADRRY  HERDRIT

FOR CGURATITY HAMED  HERDA CERE VRHLUE IE edoe01L AT O,1780 ZEC,
THREE MILLIZECOMD AWEFRRIGE 12 7. HETD

HER HAMEL ARE: HERDEFK  HEARDEAY HERDEIT

FOF OLRNTITY HAMED HERIE FERE “WALLE IX Hl.7esl BT O.17E0 CEC,
THREE MILLISECOMD AWERRIEE T7 PR

CUEMTITY MeMED TEZTY FFDH .0 7O 00,0 AT 10,0 MEEC IMTERVALS

HAL EEEM MULTIFL IED EY &L 00 AMD X'r.HHr"'ED TEZTV2

FOR DMURMTITIES MAMED EBELTH Hill PELTE

CORFELATIGH COEFFICIEMT 1% .3%22 FEMAMED  FELTL

HEW MAMEL AFE:  HIFAYE HIFRAMM

HEW MAMEIZ ARE:  HIFEYFE HIFEMM

FOF BUAMTITIES MAMED  HIFR  AMD  HIFE  F AND F2 = S F. 5600
WARTAMCE: ARE THE ZAME.

HEW MAMEZ RRFE:S WELHE WELIH VELEM VELWF

FOR QUANTITIED HAMED  LOWERA «  LPFERR «  LOWERE s  UFFERE

MEAMH CURWE LTORED HE WEL

FOTHTWIEE MERTURES ARE: Mek = 554, 0335« MIH = =7

..... SELSE 0 MERN = -2V, 2014
WAFTAMCE = 133445, 8875 ‘

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH
OUTPUT (Page 3)
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ENF FOLAR FLOT. REFEFENCE LINET ARE n.200 BELOW AND 0,200 AROVE 1.

CLAILIMNG FRRAMETERS HFE: ~1.4000 14000 1.400n0 =1l.4000 3.2143%

TE. 142 AY 0000 =13, 2257 Za. anng 0.015s 0. 02ss n.z2111
FOR GUANTITIES HAMED HICH AND HICE WITH VALUES X
FOLAR PDINT IS AT @ays= 0, 7zal 0,1e%s LHEELED A
FOR GURANMTITIES HRMED IR AMD LIw WITH YRALUEZ
FOLAR FOINT 13 AT == n.rels 1, 7475 LARELED B
FOF DUANTITIES MHAMED MIIA RAMD MIIE WITH YRLUES
FOLHR POINT 12 AT 2= n.1an: N3¢y LAEELED C
FOR CUARMTITIES MAMED  HIFRIM  AHD HIFAARY  WITH YRULIET 1, 4548
SOLAR FOINT 12 AT Haby'= IS -, 052 LABELED D
FGR DUANTITIES MAMED  FCHARI  AMD FOHEBELD  WITH MALUEE 183, 32473
FOLAR FOINT 12 AT HeWs= LU 1 0. 227 LHEELED E
FOR CUAMTITIES HWAMED MZIA AN TIAR W ITH WRLLES 445, 1273

FOLAR FOINMT IS AT savs= ~0,. 3239 -0, 0324 LABELED F

COF OUANMTITIES MAMED  MIIE  AMD SIE  WITH YALLES  475.4638 505, 3787

FOLAR FOINT I% AT Y= -0, 4101 =1, 4247 LABELED 6

FOF GUAMTITIES WAMED HERDAFE  AMD HERDERK  WITH YALUEL ev.elill F1.

FOLAR FOINT I5 AT Y= -0, 10ES =0, 7c9S LAEELED H

FOR GUANMTITIES MRMED HEADRAY AMD HEARDEARY WITH WAHLUED . 0300 SE. 242

FOLAR POINT I3 AT =ays 0. 3543 -2 LABELED I
FOR CUAMTITIES HAMED  VELRX AHD YELEHM FOLAR FOINT IZ OFF FRGE.
COINT WILL BE INMWERTED AMD FLOTTED.

FOR GQURMTITIE: HRAMEDN ELEM AHDE YELAY WITH YARLLES -Iv.entd 554, 0.5

FALAR POINT IZ RT .= G, s =0, 0234 LREELED
FOF FHARZE FLAME TYWFRE FLOT»
TCALIMG PHRAMETERE HRE: (] TSGO0, anon 1o, 0004g . n
0, 0oy ZLnnnn =0, 5400 S5, N ST RE0E 0, 9259
FOF CRRETELZIAN PLDI; )
SUAL IMG PRFARMETER: ARE: 0, 0 SO, 0Dy &0G, DOnu=100u, noon
NLESHD 2. ann =0, 03E7 21,2500 (. 7e3 14,2142
FOR DESISTION FLOT,
STCALING PRAPRMETERS RARE: i, 0 SO, D00 S000, DnOn=S000, D000
0. eson oL nnnn -0, nnEg SEL 000N .78 145.1481
QUAMTITY MAMED  BELTC HA= YRLUE 0,35z2115%%
FOR QURNMTITY HAMED  TEITVZ  FROM G,0 7O 20000 AT 1000 MEEC INTERYALT
VALLET APE 10, G000 S n0nnann Sonnoonn
G, Lonoonn Sonaninnn 0, n S D0nnD

g, 00n0nn

R

1 e CnnnD SenGnnogn 10, 000000

S0, anaenn 18.66666& LE.annonn 4. 0000

TABLE 13. SAMPLE INTERACTIVE AND AUXILIARY OUTPUT FOLLOWED BY BATCH
OUTPUT (Page 4)
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TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND AUXILIARY OUTPUT FOR AN
ADDITIONAL EXAMPLE (Page 1)

63



SERUN OFF S=NEWDRAT 6=+PRINTe T=elINke S=FILTAR 9=TDAT 1=G% o=G3 I=Hg Ji=HY
uEwELUTIUN BESINE
DEFAIILT FIMRL TIME IS REISET TO 200.n MIEC
OUTFUT OQUARTITIES FOR THIZ PN AFE IN METPIC  UMITT,
LOSICAHL DEYICE MUMEER FOR TEST DRTHR 1% =
TEZT IAMTITY HAMEDL TETTY FROM 0.0 T 00,0 AT 10,0 MEEC INTERYALT.
HEXT FOUP LIMES COMTARIM MODEL FUM TEZCRIFTION
MR -0 MAH MODEL FUM A

My 2-0y YEFR. 3
JUL 2 197800 Ng: 29
AUANTITIES FROM THIS RUM ARE TN METRIC  UMITE.
FIrAL TIME FECORDED IS gnn,n MIEC TIME IHCREMENT T2 2.0 MEZEC
HOTURL HUMEER OF POIRTS I 101, HUMEER OF ELLIFSES = 1S. OF LIMEZ = 7
OF REGIOML = 10e OF IMTERRCTIONE = 14
IMFILTERED HIOCELE HERD RETIILTNT
MODEL SUANTITY MAMED  HERDR FRGM oL TO 2000 /T . MTED THTERVALL,
MEST FOUR LIMES COMTAIN MODEL FUM DESCRIFTION
MvmA 2=-T MRN MOODEL FUM F

MYMA &-Tn YER. 2

JUb S 1EFVEON: NV
CUAMTITIES FROM THIZ RUM ARE IN  METFIC  LNITE.
FIMAL TIME RECOFDED IZ Z00.0 MIEC TIME IMCREMEMNT IE .0 MEIEC
ACTURL MUMBER OF FOIMTZ I% 101. HUMEER DF ELLIFIEZ = 15 OF LINE: = &
OF FESIOHE = 3y OF IHTEFACTIONE = 14

UHFILTERED ACCELE HERD FEZULTHT
MODEL DUANTITY MPAMED  HEADE FrOm 0.0 7O 200, 0 HY S MIED THTERVALE,
FOr DHHHTITT MAMED  HERDH FFUH 0.0 70 0.0 AT t0ow MEED INTERYAHLS
WRLUES | 1.E7113 o
= IE.WQRECH

FOR DURNTITY MAMED HERDE  FROM 0.0 TO 200.0 AT 10,0 MEEL 'HTEPVHL?
YALUES ARE L. OON7FEET ColaERne
. 1 11 444H4. EN

STHRET TIME THIFTET FPDH H.ﬂ TO 1000 MIEC
AUAMTITY HAMED  HEARDA  » ZTARTIMG TIME THIFTED FROM o.n 70 .0 MYED
WEMAMED  HEALLC
FOR QUAMTITY HMAMEL HEARDC FrROM ﬂ.ﬂ 'D 1ﬂﬂ U HT 10,0 MIEC IMTERMALED
VALLED ARE : 1, TO0ERS

13, 002333 [
45, 055564 =S.51451 !

START TIME EHIFTED FROM n.0 7O 106, 0 MIEC
CAHTITY HHHED HERDH TELECTED AT TIME 100,00 MIED AND REMAMED  HERDD
QUAEMTITY MAMETL  HERDD HREE WRLLIE S1.912751
GUAHTITY MAMED HEADH MIMUS QUAMTITY MaMED  HERDE FEHHHFD L OIFF
FOF GUAHTITY HAMED DIFF F R n.0 T3 0000 AT o INTERMALS

JES AFE SETAESE-0E -0, 1EO0NTH: SE

—4, BE1S0D L £
RESULT OF FOPMULA IHTEFPPETEP 1z an.1e FELET —Ed, B
T _v'rfl.‘?‘t' 7 ol -vE.e = [ oo TE '1'":'
~F7.El -7 i

FOR GURNTITY MAMED  AMGW FRON
WRLLIET a0, 11610

TABLE 14. INPUT FOLLOWED BY INTERACTIVE AND AUXILIARY OUTPUT FOR AN AD-
DITIONAL EXAMPLE (Page 2)
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CP.
{eZnny1e
DEFAULT FINAL TIME I REIET 7O 200,00 MIEC
QUTFUT DUANTITIES FOP THIS RUM RRE IN  METRIC  UMITE,
Mk,
Tece
HEXT FOUR LIMEZ COMTRIM MODEL FUM TESCRIPTION
MYME 2-D MPN MOUEL FLR B

MyMR -0y VER. =
JUL 3e 13aFEnnnyall
CUAMTITIES FROM THIT RUN ARE IMN METRIC  UNITE,
FIMRL TIME FRECOGRTED T2 00,0 MIEC TIME IHCREMENT IF 2.0 MIEC
ACTURL MUMEER OF FOIMTT 1% 101, MUMEER OF ELLIFPZEY = 1S« OF LINET = &
TF FEGIOME = Y. OF IHTERARCTION: = 14
M HEATA.
S daeZe
IHHMFILTERED RACCELE HERT REZULTHT
MODEL OUARTTITY MAMED  HEADA FrROmM n.o 1O 00,0 AT C. MEIED INTERWVHLT.
Fiz FILTH.

FILTER DEZIGN FROGFAM

EMTER COMMAMT: VLESIGM. GEHERATE OF TRYER
o

vveswwss FILTER DESIGH FOUTIMNE ...... .

ZRMELIME RHTEY CHI
A00,

HOu MAMY BRMDEX

[iud

EAMD % 1% 0.0 = LF < UF < dun,nn EMTER
SREG, OF LIFFER EDGE « FRIFFLE CGHIM:

A0, D25

EAMHD # 2 40,000 SOLF < FE o= 400, an ENTER
LOWER ELGEs RIFPFLE (GHIMNY

S0, =50,

EMTEFR THE HUMEER OF THE EARMD MITH WEIGHT=1

1
EILTER MAGHITIUDE FESFOM:IE SRECT:
BAMT LOWER LUFFER GRIN WE TEHT
i 0.0 G0, 000 1. 0Gon 10000
c S0, 00 00, 00 [ LI i e

1% THIE RCCEFPTRELEY

FILTEF LENMATHY ¢3¢,., <185
S

U0 00 WIZH TO OFTIMIZET
H
GRID DEMZITYS

100

TABLE 15. ?AMPLE iNTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
Page 1

65




ceeeres FILTER CHARACTERISZTICE L.uu...

FINITE IMPULIE REZPOMZE CFIR:
BAMDFREZ: FILTER

FILTER LEHGTH = &S&

GRID DEMEITY = 38

MO. ITERATIONME = 7

TOTRL DEVIATIOM=  0.025459293 DE

EAND

1]

EAMD 1 EAND
LOWER EDGE CHZY h.n 20,0000
UFFEF EDGE CHI G, 0o 400,000
DEZIFED YAHLLE 1.00000 0. o
WETEHTING Toaooon .91
DEVIATION 0. 254593E-01 =43,23%
DEZIRED DEVIATION 0. 43390 zE-01 =SS0, 0000

OUTFUT EXTREMAL FRED.Z 7

EXTREMAL FREGUENCIES
G, 0 n.01vzell 0, 1332240 0. 0451327
01000600 h 1043 us 0.11R36E% L 01317493 D.142114%

. 1e54759 N, 1823330 O.00e340 n.2190471 0. oZe5042
0. 2547el3 D.27=1144 H.2303v1s 0., 209324 0. 327e7eT
0., 2455347 0. Ze32svse N, 3817449 0.0z H.4124511
.3z hze n.454e613 4725134 0D.4902715

JUTFUT GF:'F-'F‘H DF FILTEF,"-

CAMFLIMG FREOY
S0,
LO ZCARLEY

S0, 200, s 36,

FIGURE 15. ?AMPLE %NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
Page 2 .
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%QMPLE §NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
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He 1100
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0. 1831 23NTE- 02
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OO B U 1 B SO I g WA

Fuy T foy

EMTER COMMAMD: (TESZISH. GEMERATE OF ZRYED
A

\
ceesenJPULEE REMERATION FOUTINE......

STEHAL HRY FIVE ZINE-WAVE COMPONENTS:
EHTER HIGHEST UEZIFED FREGLENCY:  (HID
Zna.,

COMFOMENT FREQUEMIIE: ARE:
AT 4,00 HZ
=T 40, N0 HT
HT 1en, 0N HY
AT 400, 00 N2
HT SO0, 00 Wl

RARE AW

N e

HRE THEY RCCEFTRELEY
™

HDU MAMY COMPEMEMTZ RRE DEZIREDY
- qm;. OHENT
1.

1t WHAT FRED., HZM 7T

ar

COMFOMENT # &t WHAT FRER, (HT» 7
Zu.
COMPOMHEMT s 2@ WHRT FRED, fHIY W
ENR
COMPOMEMT ¢ 42 WHRT FREG. iHIW 7T

COMPOMEMT 3 St WHAT FREC, dHI3 ¥
200,

TABLE 15. ?QMPLE4§NTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
age
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MINIMUM ZAMPLIMNG AT 400, 0 HI
EMTER DETIFED FATE fHIW:

ang,

LOMGEST PERIOD = 1000, 00 MEEC,

EMTEF DESIFED ZIGHAL DURATION ¢MIEL"

400,

COMPOZIT ZIGEMAL ¢« 221 PTEY SEMERATED FROM

1,00 HT

My e—
(0
—

- RT 20,00 HD
3 AT IS, 00 HE

29,000 HZ

T S0n. 00 HE

hode
b (e
—

veevnss FILTERINMG DF SIGMAL .......

MOTICE:

COMPOMEMTE HAYE FOLLDWIMNG FRERLEMCIEZD:

IM CHERTZ»: 1.00 gL on 25,00 25,00 chn, og
HORMALIZED: fLanies 0, oeson . 04375 o 10ess . 2soo

WITH SAMPLING AT 200, 00 HT

Rl
m

I[% THE 1. 00 @E COMPONEMT IWTENDED TO FILTERED DUTT

M
IZ THE S0, 00 HE TOMFOMEMT IMTEMDETD TO BE FILTERED OUTS

Iz THE 35,00 HZ COMFOMEMT IMTEMDED TO EE FILTERED [DUTF
8]
1% THE 25,00 HE COMFOMEMT IMTEMDED TO EE FILTEFED OUT®
y
[z THE 200,00 HE COMFOMENMT IMTEMDED TO BE FILTERED OUTY

o

y
TIGHAL ¢MRPTI= 321y HAT BEEM FILTERED.

EMHTER  MEES«MHEMDsHIKF  FOR OUTFPUT. 0OF FETUFMN TO EXIT:

1a 321050
EMTER  HMEEG«MHEMD«MTEF  FOF CUTPUT. OF FRETURM TO Ex17:

EHTER COMMAME: CTEZIGEM. ZEMEFRTE OF ZAYED

FILTER FILTH HAZ EEEM EMTERED

FI' HEADNA HFILA FILTA.

FILTER HAMED FILTH WITH S8 WEIGHTZs & EAMDT
POUR CEAMPLING FREDUEMCY 1% SO0, G000 HE.

FrOM 0.0 10 29,0 WITH A GRIN OF 1.0000
FFamM SO.0TO 250,00 WITH A GRIN OF 0.0

[z THIZ ACCEFTRELET AMIWER YEIL OF HO.

TABLE 15. ?AM Lc INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
Page 5)
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IMPULSE REIPONSE I3
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— . C4SHS4E-11

2 -0, 147ESEE-01
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SEAO0LIE-NZ
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TABLE 15.
(Page 6)
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.11 1deE+0N
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SAMPLE INTERACTIVE SESSION WITH THE FILTER DESIGN COMMAND
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TABLE 15.

HFILH

HAMET!

HERDA

HAMED

HFILA HFILE BIFFA.

IFFE.

MIMLET QUANTITY MAMED HFILE FREHAMED  DIFFRA
OIFFA FrROM o.0 7O 00,0 AT 1n.n M=EC IMTERWALE
0,59 0dRdSE~- D5 . S8t na29E-05s .28l N23%E-05S

1 1191 2E-0d 457 VEIRTE~04 0,457 e Z6FE~14
n,?e 234 SE-04 1, 7E293345E- 04 0.31552 34E n4
0. FESF3345E-04 N, 457 7VE2eTE-04 . : =3
0,457 FRIETE-D4Y 0. 457 VR I67VE- DY D120/ nz1E-0s
0. EE7ST2O2E-DS

MIMDS QUANTITY HAMED  HFILA FREHAMED DIFFE
ODIFFE FrROM 0.0 TO 2ot BT 10,0 MIEDC INTERNMALD
0, mE2S51 21 =0, 1S1ISETD G.Ennsil s
D.d4izeny1y -0, 18318420 n.4112110
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%AMPLE §NTERACTIVE SESSION WITH FILTER DESIGN COMMAND
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*#pxekr* CHECK CF FILTERING ROUTINE

N UNFILTEFEL FILTEREL SHOULD BE
SIGNAL SIGNAL
1 0.¢ 0.000CC 0.0
6 .£320€3 1.732441 1.727151
11 1. E43E3E 1.463224 1. 4611064
16 -1.%623€7 -0.0115C2 -0.006822
21 0.15636¢ -0.55527¢ -0.550673
26 0.212089 0.044981 0.043551
31 1.CE1247 0.16032¢ 0.157327
36 -2.€11532 -0.633719 -C.630753
41 0.3:08961 -0.698011 -0.690988
46 0.87733¢C 0.855479 - 0.858120
51 3.220515 2.309745 2.306559
56 -0.15C129 1.682221 1.661349
61 0.453¢41 -0.259412 -0.2530699
66 -0. 65557 -1.057489 -1.049963
7 0.2€757¢€ -0.096337 -0.094838
76 -0.3658€5 0.830843 0.829245
81 0.58771¢ 0.584434 0.537805
86 1.54C465 0.337094 0.345412
91 0. EEUZTE 1.261522 1.266744
96 1.77289¢ 2.218211 2.217366
101 €L707021 1.413896 1.414245
106 1.3C312¢C -0.535801 -0.528324
11 -2.CE718C -1.173214 -1.163482
116 0.25402¢ 0.269417 0.273251
121 C.E08841 1.8096C1 1.808993
126 3.71447¢ 1.730317 1.733675
131 0.0C504C 0.919553 0.928773
136 0.65552C 1.016470 1.024015
141 0.£5C791 1.596712 1.598122
146 .E€8166 1.031344 1.032546
151 -C.E4121¢ -0.4666C3 -0.4587M
156 -1.554%561 -0.760626 -0.749723
161 0.950726 0.945553 0.950993
166 3.4552¢2 2.650325 Z.650314
1 2.737917 2.352024 Z.355084
176 -0,65S035 0.846836 0.856468
181 0.987215 0.271221 0.260578
186 1.0100¢C 0.838360 0.841517
191 1. 645037 0.919445 0.920816
196 -1.€€3715 U.0€9S29 0.097053
201 €.S59617 -0.011003 -0.000033
206 1.5302€3 1.5047€9 1.511186
21 3. E44975S 2.920467 2.920776
216 0.424277 2.2534C6 2.255801
221 0.$87334 0.271280 0.280651
226 -0.113442 -0.568155 -0.557794
23 0.738223 0.350932 0.355008
236 0.CuC9zé 1.235370 1.236119
241 0.9507¢€2 0.945626 0.951083
246 1.€5¢4¢4y 0.654351 0.664503
251 1.15891¢ 1.534360 1.541150
256 2.C0Z1€9 2.446255 2.446712
261 0.89060°% 1.596799 1.598130
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266 1.4412¢7 -0.3983¢1 -0.390112

271 -1. 694592 -1.08150G7 =1.071262
276 0.300124 0.315174 0.319363
281 0.808513 1.8095¢68 1.808974
286 J.E6E35¢E 1.6€5326 1.687551
291 -0.CE695¢8 .0.824296 0.836551
296 0.71727¢ 0.885561 C.885836
301 0.706417 1.430806 1.414225
306 2. I5EGCE 0.7704¢€5 0.803236
3N -1.11540¢ -0.708669 -0.733175
316 -1.€873e14 -1.0143685 -1.068828
321 0.587C21 0.081084 0.587675
FREQUENCIES NCRMALIZED TO SAMPLING OF 800.00 HZ.

2 BANDS: # 1 42 *
FECM: 0.0 C.1C00
T0: 0.050C C.tECOC
GAIN: 1.0CCC C.C
56=LENGTH OF FILTER. BELOW IS ITS IKPULSE RESPONSE
0.15949€E-02-C.2€84CC1E-03-0,985200E-03-0.194844E-02-0.286422E-02-0.332658E-02
-C.294216E-CZz-0.146291F-02 0.10E413F-02 0.431389E-02 0.748823E-02 0.963327E-02
0.975943E-02 0.714¢€93F-02 0.163129E-02-0.619068E-02-0.149067E-01-0.224270E-01
-0.263212E-01-C.242¢S54F-C1-0.147253E-01 C.288658E~-02 0.276263E-01 0.57162CE-01
0.880241E-01 0.116146E+00 0.137567E+00 0.149145E+400 C. 149145E+400 0.137567E+00
0.116146E+00 C.8E0ZU1E-01 0.571620E-01 0.276263L-01 0.288658E-02-0.147253E-01
-0.242954E-01-C.263212E-01-0.22427CE-C1-0.149067£-01-C.619068E-02 0.163129E-02
0.714693E-02 C.975943E-02 0.963327F-02 0.74€823E-02 0.431389E-02 0.10E413E~-02
-0.146281E-02-C.2S4218E-02-C.332658E-C2-0.286432E-02-0.194844E-02-0.983200E-03
-0.284001E-02 0.15949EE-02

Moo oocoOLOoOoOoO o

T0P
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1 CP,
2 14200441%
3 TR NONF,
4 9%
D) TH TESTV.
[} 1elJes20U0e*
7 ME o
8 1.2%
Q MO HEADA,
10 €92315642C004%
11 MQ CHESTA,
12 6169540200 4%
13 MQ HIPA,
14 69G9549220e%
15 MO FCHA UPPER TORSC SBu
16 G9295442004%
<17 MQ BELTA UPPER TURSO BELT
18 442595492000 %
19 MU LOWERA,
20 110615402004 %
21 MQ) UPPLFRA,.
22 1193454,200,%
23 - RF TESTV,
24 001069200 ep2411042,2%
25 FG FILTA,.
26 D
27 P00
28 2
29 40, 03
30 a\). -‘to.
31 1
22 Y
33 39
34 N
EL 100
36 Y
27 A
2R 200,
39 Y
49 20. 200 36
41 N
42 30, 100 15.
47
44
45 N
Ly Y
47 G
L8 B0J,
49 N
50 5
51 1.
52 20
£3 28,
s RS
55 200,
56 RND,
57 4090,
58 N
] M
60 N

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR
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61 Y
62 Y
62 1 221 S
(XA
5 N
66 F0 HEADA HFILA FILTA,
&7 Y
68 TP HEADA,
€9 0,s10,200%
70 TP HFILA,
71 0+10,200%
72 MC HEADA HFILA HFILC,
73 0+s10,200%
74 TP HFILC,
78 0+10,2920%
76 oM TESTV,
77 QP HEADA CHESTA,
78 1006010001500 9509100091069 1500954910%
79 QA HEADA CHESTA,.
80 160015e114069501209eBealolel*
ql FC HEADA.
a2 De+5e92004 45*
812 S1 FCHA FCHAA,
B4 1400959200 %
55 CH HEALA HICA,
/6 5454485%
&7 CS CHESTA SiA,
f R De15e9200a™
89 CG CHESTA MSIA,
G0 Oe15e1200e*
el CM HIPA,
g2 0ee¢2004%
93 ° CI FCHAA FCHAATL,
24 140442304%
°s CF HEADA.
Se 50a9 51150004
Q7 T™ HFALA,
58 Oav592004 %
99 MA TESTV TESTVZ2,
190 et Qevlde 2004 *
101 G2 CHFSTA HIPA CCC.
102 Oe15e920Ue 100050
103 CV HIPA CHESTA.
W4 PM LOWERA UPPERA  VFL.
105 Der15e12C0a %
106 SI HEADA HEADC.
107 -100,173,200%
108 TP HEADC.
10¢ 0+10.100%
110 SZ HEARA HEADD.,
111 100,10,100%
112 PS HEADN,
113 MC HEA&ADA CHESTA DIFF,
114 0s1,200%
115 TP DIFF,
116 0,104200%
117 F1 ANSW,
116 0,172,229%
110 1o S%SMHEADD+SOHEADA/ SMBAHF [LC*2-DIFF=-18F
120 TP ANSH,

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR
BATCH OUTPUT (Page 2)
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121 0,10,200%
122 SP PRINT POLAR,
123 020021 02%
124 PQ HICA SIA,
125 10.%
126 PQ SIA HEADAPK,
127 NS
128 PQ MSIA HEADD,
129 824%
130 PO HIPAEN HIPAAX,
131 118, %
132 PG FCHAAI SIA,
133, 154, %
134 PO HEADAPK HEADD.
135 2624%
136 PO HEADAAV HEADAPK.,
137 298.%
128 PQ VELAX VELEN,
139 334 ,%
140 PP,
141 SP PRINT PHASE,
,&2 1000100000 '15000.*
143 PC FCHA CHESTA,
144 PP, _
145 SP PRINT CART,.
1‘0‘() 200-"1000.v6000*
147 PC VEL.
148 PC UPPERA,
149 PP,
150 SP PRINT DEV,
151 2004+=83004480004%
152 PC BELTA HEADA,
153 PC CHESTA HEADA,
154 PP,
155 PS CCC,

END OF FILE

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR
BATCH OUTPUT (Page 3)
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DEFAULT FINAL TIME IS RESET VO 2C0.0 MSEC
DUTPUT QUANTITIES FCF THIS PUN ARE IN  METRIC UNITS,.
LOGICAL DEVICE NUMRER FOR TEST DATA IS 9
TEST QUANTITY MAMED TESTV FROM VeO TO 20040 AT 1040 MSEC INTERVALS,.
NEXT FOUR LINES CIONTAIN MODEL RUN DeSCRIPTICN
TIHS JASELINS, S0OTH MALE. LOUSE NECKes APPROXe ULD 2D NOe316
50Ms LOQSE NECK, 50M S T.BACK STe BACK SEAT SEAT AND FLOOR
REAF 30 MPH LAP RELT MVMA =Dy VER, 3
ACT 28, 197623:09:40
QUANTITIES F20M THIS BUN ARE TN METRIC UNITS,
FINAL TIMD RECORDED IS 20040 MSEC TIME INCREMENT IS 5.0 MSEC
ACTUAL NUMBEF (OF POINTS IS 41, NUMBER OF ZLLIPSES = 74 UF LINES = 4

IF BEGIONS = S, OF IMTERACTICNS = 8
UNFTYLTERED ACCELS HEAD RESULTNT

MODEL QUANTITY NAMZI  HEADA FRUM Deu T 20V AT 5.0 MSEC INTEKVALS,
UNFILTERED ACCELS CHEST PESULTNT

MODEL QUANTITY NAMEN  CHESTA  FPUM 0e0 TO 29040 AT 5¢0 MSEC INTERVALS,
UNFILTERED ACCELS HIP RESULTNT :

MODEL QUANMTITY NAMED HIPA FROM 0.0 TO 20040 AT Se0 MSEC INTERVALS,

ELL-LINIUPPER TORSO vs sou ’ NM FORCE

MODEL QUANTITY NAMFD FCHA FROM 0e0 T 20060 AT 5,0 MSEC INTERVALS,.

VARIABLE SPECIFICATIUN ILLODGAL UR VAKIABLE ABSENT-=-=CATGeNOe= 4 CULeNUe= &5
IDENTIFIERS=UPPER TAPSC DELT

MODEL GUANTITY NAMEDN BELTA FrRJ Ve TT 2000 AT 560 MSEC INTERVALS,.

BOPY L IMK AMG VEL MIDDLE TORSU
MODEL QUANTITY NAMEDN  LCWERA  FROM De0 TO 2060 AT 5¢U MSFC INTERVALS.
BORY LINK ANG VEL UPPER TGRSO

MODEL QUANTITY NAMED UJPPERA  FR(OM 0s0 TG 20040 AT 540 MSEC INTERVALS.

I X Y DEGREE 2 FIT DEGREE 3 FIT
1 G. 0 5400 1.75 5670
2 0s01 44V 2408 3.0
2 Ned2 3,090 2e ol Lall
4 7.03 2,00 2675 137
5 De)& loco 2,05 De&Q
b TeJ5 Us0 3430 1s0¢
7 Je b 1.00 3,70 1le40
e Je T 2oy Ge:)3 2406
Q 0407 3,00 4o 35 2ol
10 Jeu? 4400 “a b0 3493
11 0. 10 Se0 5400 Seu0
12 Jell 2e C) Se3c bel
13 Del2 Tel2 5e0°% Te05
14 2,1 Re U0 5467 Tels
15 Dele 2,00 be 30 el 1)
1A Je 15 10.70 hebe ol
1.7 k)o:,v‘) QOUO 6.95 0.0'l'
B Jel8 7.0 T4 60 Tele
20 Jel9 LoD TeCSe Ledb
21 D620 5400 3425 4430
I LEGPEE & FIT DFGrEE 5 FIT NESkel 6 FIT DEGKEE 7 FIUT
1 Se 5¢ 26 Se21 Secd
2 30“‘) ’1090 3.8() f.“.‘l“
2 Je2& Ze65 2467 2e0b
4 1.38 la 67 1,75 leTw
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12
13
la
15
16
17
12
16
20
21
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20
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ENTFR €0
SAMPL NG
HOW MANY

BAND ¥ ]
FFEQ. (F

BAND # 2
LOWER ED

ENTEK TH

TABLE 16.

7499 1400 1,15 115
1.02 Ca27 0.93 Je 94
1440 lelD le11 lel2
?.O':) 1.’1 Iotb 1007
2e 32 2563 2453 2054
2,32 2,77 366 3e0b
4479 5632 4495 4e93
he )T 6627 6623 6e22
7427 7440 743 Tedl
Te9¢ 2. 29 '30 39 8e39
Ne6D 8489 9.02 Fe02
2,98 9,1 Qe lc Sel2
3402 2de 30 3494 0e95
Re bl e 079 Beld Bel3
T.77 Tell T.1l6 7415
a3l 610 5496 5695
te29 4480 4497 4e97

NEGREE R FIT DEGFEE 9 FIT DEGREE 10 FIT DEGKEE
Felf e 21 5426
2489 3¢ 81 2,01
2e 69 2457 2462
le74 1o 67 le73
.12 lela lel8
0e2 0,99 0,68
1e11 1.21 1.15
let7 le76 1.68
2455 2459 2453
2467 3e€5 3,63
be©3 4ed6 4489
fel2 6ell 619
Tesl 7,32 Tt
Je 38 Re 34 Be &l
1602 C,06 Fe05
N2 9,313 Qe 5
Re 37 2.0 3698
Relt Ae 2y 3el3
Telé 7,07 7,13
te 38 SeT¥ 5651
501 5,09 5,00

FILTCRE DESIGN PRJGRAM

MMANDE (DESIGN, GCMERATE OF SAVE)

FILTES DESTIGN FOUTINE seeevee

RATT? (HZ2)

BANDS?
LRI = LF < UF ¢ 40QU.C0 ENTE!
UPPER EDGE o PIPPLE(GATIN)
LKAV PR B 1Y) < LF € UF = 403,00 ENTER
GOy RIPPLECGATINY

T tMupfu DF THT BAMD wITH WEIGHT=1

SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND RERULAR BATCH OUTPUT (Page 5)
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FILTER MAGNITUDE RESPONSt SPECS:

BAND LOWFR UPPER GAIN WE IGHT
1 0.0 404920 1.0000 1.,3000
2 29,000 400,00 0.0 0634599

IS THIS ACCEPTABLE?
FILTER LENGTH? (2<see<1Z8)

DO YOU WISH TO OPTIMIZE?
GRID DENSITY?

e 00000 rILTFR CHAQACTEP‘STlCS s0 00 Re e

FINITF IMPULSE RESPCMNSE (FIR)
AANDPASS FILTER

FILTAER LENGTH = 20

GRID PENSITY = 66

NOes TTFFATIUNS = 7

TOTAL DEVIATION= 0.131151557 DB

EAND 1 BAND 2 BAND
LOWER EDOE(HT) 060 80,0000
UPPER ENGE(HZ) 49,0000 4004000
DESIREN VALUE 1.,00000 0.0
WETGHTING 1.33000 Oe 345923
DEVIATION 0.131152 -27.1361

DESIRED DEVIATION 04305007€6~01 -40,0000

JUTPUT EXTREMAL FPEN.S ?
EXTREMAL FREOURENCIES
DeD D0e03E3R37 040500000 J.1CC0000 0.1141408
Jele24275 041752495 Je 2URSELA 062624185 0e2767605
03111024 043454446 063797867 D.4141287 04484708
Ce.4328128

QUTPUT GFAPH O+ FILTER?

SAMPLING FREQ?
LOG SCALFR?

REGWTND,FOINTS?

20,009 Da 01 o oot et o Aok S s ¥ X ¥ Ok o ok ok ol R 3R K YO RO K KOK R R O K K
21.360 e )3 dodearary ook ke sz Ok R e ok kool ok o ok s ok 2k RIS R %R 200 ok Ok oK K KK
224813 Je D5 Ry e Rert aeak Xodom st ook de Atk ok ot 0% oo kol XA e Sl ok oK i 3 ok ok ok ReokX kol
244,304 Do ()R e oo ot £ K Pk vk e she e ok kool e ok e o e 3 o XX e ol e ok v e Ve o o R 8 e
Ph,021 Do 1D dolesid mods s vtk Reoiesk Yos b ole e ok o 3 oy o o woa e Mote % e v ol ok e 0 R ok SOt ek
27,7600 Qe 1 Heosokxo ool a2 ve fo kool ook e o6 oo ol 4cak ol e o o ok etk Ao ool A vk ok
20,690 Qe 13 3 oo ool sk e Aok ok 40k % e o 0 ook a0 e oK R Ok SO R o6 2RO T etk
3]1.6CR Do 13 3oty o e ys ve ok ol ¥t sl e R ok o 3ot A0 ol X e koK o oM o R R ROK X
23,853 (Oel 1 koo dokokosk deofok ook v v oot oo 3ok oo o o 3 Rl ot i ok oK Feosofe o ok Xl K
34,168 N a 06 ok vedesioke s deookore de vede oot o Yo dofotoxr B 3 g 0 e o ok ol ek % X e Xe R XK R
IR ARG = D¢ DF ot dexe vk X ¥R Rex pe¥e ok der ok X fob ok ik Xl ook Al ootk e Ok o Xy okt stk
4) 42640 =)o 27 R ACRAOE AL A ot ot odedke ko Aete 307 RO o e MOK 3R 20K ok R okOK e ke kot 0 oKk R
G4 ,064 = Qe 4D Yodeddeo Foo szt f g xe ok v K o Aol o ook e ok o ek K TR G 2R 4 o ROR RO O X
47,034 =0 e Q0 Moo ol ok Yok kot ot oo Kol kor vk OK J kot ekl ook o ok o K Kok ok &
B e 2R =Y o @O Xt ool b koot Kok e s ok oot ol ool ok ook die e e o i ST o o ek oK o ok 3k e ek Xk
53.h5“ =2 e 37 Mokt mol dkoxede veo ook okl W dors 30k ok doje YeOreo o ok skl doRok g Rl ok TR ok
574202 =2, 57 oot o doxe sl e Yok g e e oo e ol g ok ot oK e ks ol o ke o ok o a eokok DX X
6le 100 =5 e L 2 dooksko sk R e Ko kot ok ok onofevz ok o i o ik ok e ok Yeoi ol Tk e ok ok o % o
65,241 =T o 50 2 e vy ok g s ook xe i o ook He o ko e Aok o o i e ot A otk o o e ale e o O X 3ok

69,8065 w1 ) BE  wedyoofes oo ok deynoorn weok o gk geokok w ook ok ookl ok ok R e e ok ok ko X ok
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TeoBR2

=104 00 HoArao ok don kot %o ook Mok ok ook e ok K K R oK ek oo ek

TOe621 =354 7% oRdokoks fioR sk xokok ko R ko ok X ok SR OK e ok ok ok
RE G026 =34434 omsomok g poiona 2 okdon Rkl g ok kol i dok o
' 90,.,°1 7 =27 1T dometc kol ok ok ok sk sk ok e ot de e ok o gk o ak etk Kol X
06 6COGL =314 05 M ositkat o st sxos me ok oKk oK i o ok ok koK K R Kok ke
102,880 1) g 43 N AR ey RoOR SO ROk KR ok X sk e ak o K R KOk
1106A364  =2T7499 oy sy tar xRk oy ok okte o 2ot ok o o o 2t e o ol 0K
119,157 =T R g2 Mo o e s ok e ookt Xl ook R o K RO Ok ok okl o KO K ok ak ok ol i
126,191 =40 ,56 ®hxmidopkr o sorsokokx ko Aok ok ok kokokokk
1364772 =208407 ook sk fokook fok s ok ook ok o ok ko ko &
142,937 =2 RG] e dok ok X vk ok ekt e e ot ot o i otk ke o i ok ofe e e ok ok e e ok
183,725 = BR65 3 IR otk dok ook g g s e o 3 ol ook o ok ok ol K e e e
164,178 =0T ¢ 58 ek ok g ok ok R ok ok kol s 30K kool K 3k keox ok kol ok
1796342  =32,20 ¥k koksh ok ek o kok ak 3ok 0% o o o e ok o ok ok axe Bk o
187,266 =3Jela ****r*¢**t###ht#****x*n##t******t***#*
200,000 =27 e 33 sk gexe sk vk ok e v sk e e o o oK ik ak 2 o 2 N AKX K o Kk K YOk ¢ ok
L0OG SCALE?
BEGyENPLPOINTS?
20,000 Qe 13 ook siom sk xR R R ok ke dio e oo o 2k e sje veofe ook sl kol i Rk gk K ok ke ok e
315,090 Do IO 3 dfkot sk vk e oo skl 30 s oo oo ok ook ok ook ook ok ok ok o ok o o
40,000 =0 a 1T ook deok e e o ok o sl ot ook ok e ot Xale e e obe ot o o ok e sk e sk ko Kk ok ok 2k sk ok Kk K
45,000 Qa6 1 ¥dsksorok sk Ao v vook sk oot sokook e e ook ok ARONCR RO e SO oK 2% k¥ XK K 2k e e ok
80000 =1 o G4 Xk ook ook i d ok ek ok e ok ok o o 20 O 3ok e ol o ok ol e K K N O e ok e ek X ke
556000 © =24 T2 Zdxdokokd foxsofokok st oo se o g0 o 4 kool ok ook oo ok gk ok ook ok
60,000 —lg 6] Rt gk o ek 0K R KO R OR 00 ko ol o ok K A K A OK ROR Rk %
AR ,000 =T o 2T e e Mo xRk ook f XM o Xk ok % K K % o K Kok ol Ko o e kol Rk
704000 ~11e06 Formvesmaoniomk fon s o sk i e ik ok o o oo oo ok Kok ok sk 30 ok koo K
TEe Q0D  =16472 *dsomasorodotihokgaede ®akofene 2o ot N akok ok 3o %0k &3 & Kk Xk ok
80,000 =D T g1 4 ¥ koo g ot o Bk oROK xR R o R R oK 3k % K Fek ik ok K kX
BE 4000  =36,649 etk deo ok s foRotok 2 Rox ok b 8 R %A R ORRK K
Q0,020 =27 30 % dveooiodyokost e Rk Mok ok ok oot K ool oK % ok X K 3 Xk Kok gox B ok
Q5,000 =28, 74 oo ook ok otk oo ok ook o ok foR ook ok Rolorok ok
100,000 SR 6T Ak ok ot Sk v ok ol ookl 3k HOK Ak ok o kotok
LOG SCALE?
REGWENDWPOINTS?

WANT TU TRY FOR BETTER PESULTS?

OUTPUT IMPULSE RESPUNSE?

e e

ae o I!\"PULQF RESPUNSE LR B I )

HU 1) =
H( 2} =
H{  3) =
HE &) =
H{ 5) =
HU 61 =
H{ 7)) =
HU 8) =
H( 9) =
M 10) =
Hi11) =
H{ 12) =
H( 13) =
H( 14) =
H{ 15) =
TABLE 16.

0423353378g-01 = H{ 30}
0s10110326E-02 = H( 29)

-Cs20281455E-02 = H{ 28)
-0411304635E-01 = A{ 27)
=0e13217461E-01 = H{ 26)
~0e247818C3E-01 = H( 25)
-042520157LE-01 = H( 24)

-0,180624643E-0) = H( 23)

-0.210V6747E-02 = H{ 22)
0622295324E-01 = H{ 21)
0652732054E-01 = H{ 20)
0eBE0L2464E-01 = H{ 19)
Da]l69167R = H{ 19)
0.1477913) = H( 1T7)

«15280645 = H( 16)
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ENTER COMMAND: (DESIGNs GENERATE QR SAVE)
esesesePULSE GENERATION RUUTINE s eoese

SIGNAL HAS FIV: SINE-WAVE COMPONENTS:
ENTER HIGHFST DESIPED FREWUENCY:  (HZ2)

COMPONENT FREQUENCIES ARE:
1 AT 4400 HZ
2 AT 40e00 HZ
3 AT 16C« 00 HZ
& AT 400,00 HZ
5 AT 800,00 HZ

ARE THEY ACCEPTABLE?

HOW MANY COMPONENTS ARE DESIRED?
COMPCMNENT # 1t wWHAT FREQ. (HZ)?

COMPONENT # 2:  WHAT FREQ. (HZ)1?
COMPUMENT # 3: WHAT FREQ. (HZ)?
COMPUNMENT # 63 WHAT FREQ. (HZ)?
CUMPONENT # 51 WHAT FREQ. (HZ)?

MINIMUM SAMPLING AT 400.0 HZ
ENTER DNESIRED RATE {HZ):

LONGEST PFRIND = 1000.0C0 MSEC,
ENTER DESIFED SIGNAL DURATION (MSEC)

COMPOSIT SIGNAL U 321 PTS) GENERATED FROM

1 AT 1.00 HZ
2 AT 22,00 HZ
3 AT 35,00 HZ
4 AT 35,00 HZ
5 AT 200400 HZ

LB B F[LTE?[‘\J{; nF SIGNAL 020000

NOTICE:

- -

COMPCNENTS HAVE FOLLOWING FREWUENCIES:

IN (FERTZ): 1.00 2000 354,00 35,00 200,00
NARMALTZED: Jeudlet 0.,02500 0.04275 0410625 « 25000
WITH SAMPLING AT 30000 HZe

1S TkE 1,00 HZ COMPONENT IMNTENDEC TO BE FILTERED QUT?

1S TR 20403 HZ COMPUNENT INTENDCL TO Be FILTERCD OUT?

IS THE 22,00 HZ CCMPOKNENT INTENDECL T9 BE FILTERED GUT?

IS THEZ BR.00 HZ CCMPONENT INTENDED T0 8t FILTERED GUT?

IS THE 20U.N0 HZ COMPONENT INTENDED Tid 3E FILTERED QUT?

SIGNAL (NPTS= 321) HAS BEZN FILTERED,.
ENTER  MEEGWNENDWNSKP  FOR QUTPYT, CR RETURN TO EXIT:
ENTEK  NREGLNENDSNSKP  FOR QUTPUT, Ok RETURMN TU EXIT:

ENTER COMMAND: (DESIGM, GENEFRATE (R SAVE)

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY QUTPUT AND REGULAR BATCH OUTPUT (Page 8)
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FILTER FILTA HAS BEEN ENTCRED
FILTER NAMED FILTA WITH 20 WEIGHYS, 2 BANDS

YOUF SAMPLING FREQUFNCY 1S 200.C000 HL.
FROM 0,0 Tt 1040 WITH A GAIN 0OF 1,0009
FROM 20,0 TN 10040 WITH A GAIN OF 060
IS THIS ACCEPTARLE? ANSWER YES 0% NG,
IMPULSF RESPUNSE IS 042335320E-01 0.101198€-02 <0,399815F=-02 -0e4113940E-01
-0e4192175%5-01 -04247818E-01 =04252016E=01 =04180624E-01 -04210167F-02
0e222953E-01 0¢529321E=01 0.860425E-01 O04l1691TE+C0 04140791C+00
N¢153806F+00 0DL1538065+400 0s140791E+00 06116917400 0.860425E~01
eS29321FE-01 0,222953C0-01 =0e21l0167TE=02 =0,180624E~01 =0,252016E=-01
-0.2478185-01 -04192175E-01 -0,113946E-0) =04399815€-02 0Q,101198E=-92
Ne?23530F-91

QUANTITY NAMED HEADA FRGM Ged TG 20040 AT 50 MSEC INTERVALS
HAS RFEN FILTERED - BY FILTA AND FENAMED  HFILA
FOP QUANTITY NAMED HEADA FRCM 0.0 TO 20040 AT 1340 MSEC INTERVALS
VALUES ARE 0,69¢92G2¢& 0.33393618 0.66345868
246727352 443564736 7.9398336 5. 7417002
12.745187 9.3281812 30667343 13.937942
33,141571 306671356 77.183960 654537796
14951506 38.680115 7.0939%41 234340271
545462570 T 7674675
FOR QUANTITY NAMED HFILA FROM 0e0 TO 20040 AT 10,0 MSEC INTERVALS
VALUES ARE 0.143682092 0.58383924 1.24025%53
242738A8¢ 3.6842052 5¢4825C96 Te5842485
10336252 144206765 19, 743851 2540165047
32,812637 39,400482 414955735 404833588
2h,46H50C0N 30.81103°% 24.1C3673 17.002274
9.3238690¢2 1.09507¢6
QUANT ITY NAMED  HEADA MINUS QUANTITY NAMED HFILA RENAMED HFILC
FOR QUANTITY NAMCD AFILC FRCM 040 TO 20060 AT 1040 MSEC INTERVALS
VALUES ARE \ 0,85901636 -0,24990106 -0,57983959
- 0433886¢€65 0667217445 244573249 =1.84254134
26089365 -44878583¢ 104923492 =12.678605
-0, £7106¢€2° =B, 72912460 35,228165 244704208
-35.154346 T. 8690796 -=17.01001vV 643379974
=2,7776321 6e 67235909
FOR QUANTITY NAMED TESTV MEASURES ARE: MIN = 0.0 v MAX = 1040900
MEAN = T.03C0, VARIANCE = 640952, MUDE = £.9000, MEDIAN = 5.0000
FO® QUANTITIES NAMED HEACA AND  CHESTA
PHASF CORRELATION CORFFICIENT IS 0s7453

START TIMF FOR FIRST QUANTITY IS 120.0 AND FOR SECOND IS 14040 MSEC,
START TIME SHIFTED FROM UGeQ TU 140.0 MSEC

FOF QUANTITIES HaMeD  HEADA AND  CHESTA
AMPLITUDE COSRELATICN COEFFICIENT IS 0+1858 WITH FACTUR OF le20UV
FCP QUAMTITY NAMED HEACUA FUOURITER COEFFICIENTS ARE 134691
=léoHse 24558 -1.282 -2.,503 3eF92 -10.3:2¢ =2.907 201306
=14270 =2.208

5.0 PERIOD IS 20040 MSCCa
540020 CPS,

START TIMF 15 0.0 TIME INTEKVAL IS
NUMPER NF HARMONICS IS S BASIC FREQUENCY IS
START TIME SHIFTED FROM 0s¢0 TO 14040 MSEC
NUANTITY MNLMED FCHA  , STARTING TIME SHIFTED FROM
RENAMED  FCHAA

0e0 TG 14040 MSEC

FOR QUANTITY MAMED HEADA HeleCo INDEX = 524661 WITH T1eT2= 341)J0 041750
FOR OQUANTITY MaMgD  CHESTA  FRUM 0,0 TO 20040 AT 0e0Q MSEC INTERVALS
SEVERITY INDFX HAS VALUE 11640337

FOR QUANTITY NAMZD CHESTA  FRCM 0,0 TG 200.,0 AT 0.0 MSEC INTERVALS

MODIFIED SEVERITY INDEX HAS VALUE S¢5160
‘NEW NAMES ARF:  HIPAAX FIPAIN HIPAEN HIPAVR HIPACF HIPAGD HIPAED 11 PANM
FOR QUANTITY NAMED ~ HIPA MEASURES ARE: MIN = 0e4J01,y MAX = 143955

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 9)
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. MEAN = f8.2111, VARIANCE = 26,7200, MGDE = 12.3534, MtDIAN = 643276

CONFIDENCE INTERVAL = 545498

FNR QUANTITY NAMED FCHAA FROM 14060 TO 2C040 AT 560 MSEC INTERVALS,
INTEGRAL IS 207.,0776

NFW NAMES AKLC: HEADAFR  HEADACM

START TIME SHIFTED FRCM 0.0 TO 50,0 MSEC

QUANTITY NAMED HEADA FRCM 50,0 TO 150.0 AT 500 MSEC INTEKVALS

HAS FREQUENCY 0.0 WITH COEFFICIENT 2541162

RENAMED RESPECTIVELY HEADAFR AND HEADACM

NEW NAMES ARE: HEADAPK HEADAAV  HEADAIT

FOR QUANTITY NAMID HEADA PEAK VALUE IS 77,1840 AT 22,1300 SEC,
THREE MILLISECOND AVERAGE 1S n5.6026

QUANTITY NAMED TESTV FROM 0e0 TU 20049 AT 100 MSEC INTERVALS

HAS RECN MULTIOLIED RY 2+000 AND RENAMED TESTV2

FOR QUANTITI-S NAMED CHESTA AND HIPA

COPPLLATION ZOEFFICIENT IS Qe 7240 RENAMED ccc

NEW MAMES ARC:  HIPAVK HIPANM

NEW MAMES ARE: CHESTAVR CHESTARM

QUANTITY NAMZ)D CHESTAVR MOT FOUND IN COCNTROL STURAGE ARRAY,

NEW NAMES ARE:  VELAX VELIN VELEN VELVR

FOR MJANTITIES NAMED LOWERA , UPPERA

MEAN CURVE STOPED AS VEL

POINTWISE MEASURES ARE: MAX = 386423059 MIN = =-232,5266, MEAN = ~9,6670
VARTIANCE = 13845,5838

START TIME SHIFTED FRGM Js,0 TO 10Ds0 MSEC

QUANTITY NAMED HEADA , STARTING TIME SHIFTED FROM Q0e¢0 TG Ne0 MSEC
RENAMED  HCADC

FOR QUANTITY NAMED HEADC FROM 0eU TO 100,0 AT 1040 MSEC INTERVALS

VALUES ARF 13,937942 334141571 30.671356
77.183¢60 654527796 1.4351506 38.680115
7.7930541 234340271 5.5452570 Te 7674675

START TIME SHIFTEN FECM 0.0 TN 1000 MSEC

QUANTITY NAMED  HEADA SELECTED AT TIME 10040 MSEC AND RENAMED HEADD
QUANTITY NAMED HEADD HAS VALUE 134937942

QUANTITY NAMED  HTADA MINUS QUANTITY NAMED CHESTA  KEONAMED UIFF
FOR GUANTITY NAMED DIFF FROM 0e3 TU 200.0 AT 10,0 M5EC INTERVALS

VALUES ARE Ue 550251680 -0e23663165 0.51982970t-01

-b4a1722283 -6 6R12556 -3.7569465 =7.1597431
he £QTCIR] -l1l.2642110 12.593719 =5.5434171
214170212 2649835648 57491399 46,5075¢7

-3.58109160 204162216 -7495992075 18,16315%

RESULT NF FIIMULA INTEKPRETER IS ~24,79 ~2€429 =244 T4 =253
-21e47 =20460 -17.35 -31,57 -11.89 =354,51 =i6e95 -60e23
-80.17 =T79,50 -69.07 -12.29 -52.65 -l4.22 -41459 -13.05
-2 391

FOR QUANTITY MNAMED ANS A FEOM 0.0 TUO 20040 AT 1040 MSEC INTERVALS

VALUES ARE -24478% 335 ~2642720R4 -244762000
-25.022126G -21.465G68 -20.403305 =174348033
=21,567202 " -11.894772 -354514542 -104747T3RR
-4£0e234L4G7 =504 165344 ~73,466672 -69,)69500°
-12,324529 -52.645311 -14,220855 -41,591558
-19.04716% -29,005524

FOR POLAP PL2T, REFCPENCE LINES ARE 2,200 BELOW AND 0,200 ABOVE 1.

SCALING PARAMETERS ARE: -1,4000 1,4000 1, 4000 -144000 el
3241429 67,2030 -19.,2857 2640009 0sd150 Je0253 043111

FOR QUANTITIES NAMED HICA AMD STA POLAR POINT IS 0OFF PAGE,

POINT WILL RE INVERTED ANC PLOTTED,

FOR QUANTITIFS NAMED Sta AND HICA wWITH VALUES liv,u3n? 52440635

PULAR PUINT 15 AT X,¥= 042181 Ue0384 LABELED A

TABLE 16. SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 10)
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FOR GUANTITIES NAMED STA AND HEADAPK WITH VALUES
POLAR POINT IS AT X,Y= 1o 0404 1.,0815 LABELED B
FOQ QUANTITIES NAMED MSTA AND HEADD WITH VALUES
PCLAR POINT IS AT X,¥Y= 0.0551 063919 LABELED C
FOR QUANTITIES NAMED HIPAEN AND HIPAAX WITH VALUES
POLAR POINT IS AT X,Y= -062096 Ve3941 LABELED D
FOR QUANTITIES NAMED FCHAAI AND SIA WITH VALUES
POLAR POINT IS AT X,¥Y= -1l.6039 0.7823 LABELED E
FOR NUANTITIFS NAMEO HEADAPK AND HEADD PCLAR POINT

POINT WILL BE INVERTED AND PLOTTED.

116.,0387

545160
8s2111
207.0776

IS OFF PAGE.

FOR QUANTITIES NAMED HEADD AND HEADAPK WITH VALUES 13,9379

POLAR POINT IS AT X,Y= -0.,0251 -0.1788 LABELED F

FOR QUANTITIES NAMEC HEADAAV AND HEADAPK WITH VALUES 65.6026

POLAR POINT IS AT X,Y= 043990 -0s7505 LABELED G

FOR QUANTITIES NAMED VELAX AND VELEN POLAR POINT IS OFF PAGE.

POINT wILL BE INVERTED AND PLCTTED.

FOR QUANTITIES NAMED VELEN AND VELAX WITH VALUES -946670

POLAR POINT IS AT X,¥= 0.0225 -0,0110 LABELED H

FOR PHASE PLANE TYPE PLQOT,

SCALING PARAMETERS ARE: 0.0 15000,0000 10040000 0.0
0.)0807 2,0000 ~ 045400 55,0000 57.6923 09259

FOR CAFTESIAN PLOT,

SCALING PARAMETERS ARE: 0.0 200,0000 6000000-1000,CC00
046500 20000 -0.,0237 2142500 07692 14,8148

FOR DEVIATICN PLOT,

SCALING PARAMETERS ARE: 0.0 200,006C 8000,0000-8200,0000
046500 2.7000 ~0.003%¢ 28,0000 0.7692 148,14381

QUANTITY MNAMED ccce HAS VALUE 0472398794

TABLE 16.
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13,5378
1843956

116,0387

77.1840

77,1840

38042305
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N = 3
De873438E 401

COMMANDG LANGUAGE PRUGRAM  PAGE 1

CUTPUT OF INPUT

F(X)

COEFFICIENTS A{I) FOR APPRUXIMATING POLYNOMIAL F COF DEGREE N
2 3 I

N = «

A(Q) + A(L)X + A(2)X + A(3)X +

N =

©

0e569353E 401 0.526287E+0Ll 0.5

N = 6 N =T
20785E+01 0.522049E+01 0.519

eee + ALI)X ¢+ o

N =8
14GE+01 0.53105

7 N
o + AINIX

N =

9
1E+01 0.525

o]
537E+01

0e343600E+04=0459¢911E+03 0.266535E+03 062701 73E+03-06480160E+03 0, 712497E+03 0.984781E+03

~0,115520E405-0,113201E405 Ce450621E+05 0.192877E+05 04212362E+05 0.396959E+405 0.259085E+05 0.105037E+05
~0e5775CBE+03-0,.324450E+06~0e253345E+05-04745233E+05-0.28464TE+06-0.280262E+C6-0.692184E405
Ceb52T4LE+06-0.849323E+06~-0438433TE+06 0.T12915E+06 0. 146849E+07 Ce855158L¢C6
06273423F407 0e754996E+06-0.615500E+06-0,448744E+07-0.788187L+07
0.0 0e315452E+07-06505863E+07 064231T6E+07 0.221178E+08

0.2
Oe0
Je 0
3.0
UeO
2.0
Je0

1

TABLE 16.

<

5.00
4.00
2.00
2.00
1. 00
0.0
1.00
2.09
3.00
4. 00
£.00
6.00
7.00
8400
9.00
0. 09
S.00
8400
7.00
€eCO
500

Y

5630
44CO
3600
2.00
1.C0
De?

1400
2490
3.C0
“eCO
5400
FeCU
Tel
2400

J¢0
0.0
0.0
0.0
Q.0

DEGRE

DEGRE

£ 2
1.75
2.08
2440
273
3.05
3.38
3.70
4,03
4435
4068
500
532
5.6%
5057
6030

6at2
6.95
T.27
T.60
792
8.25

e 7
5.22
3.86
2466
le74
1.15
J. 94
lelz
le67
2454
3e6€
“e53
5e 22
Ta42
342G

0.C 0.0
0.0 0.0
0.0 0.0

FIT DEGREE 3
5.70
3.66
2.24
1.37
0.95
1.02
le40
2.06
2.92
3.93
5.00
6.07
T.U8
Te94
Be60
B8.98
9.01
8463
T.76
6e34
4.30

FIT DEGKREE 8
5619
3.386
269
le74
lel13
Je?2
lell
1.67
2455
3.67
4e73
beld2
Tesl
Be3a

Ue229512E+08-0,285314E+408 0.153509E+09
0.0 Ve157207E409-0.829451E+C9
- 0.0 0.0 0e122505E+10
FIT DEGREE 4 FIT DEGREE 5 FIT DEGREE 6 FIT
5469 5.¢6 5.21
3.66 3.90 3.86
2.24 2065 2067
1.38 le67 le75
0.99 l.06 lel5
1.02 0.87 0.93
l.40 1.10 l.11
2.06 l.71 le606
2492 2663 2453
3.92 3.77 3.66
4499 5.02 493
6.07 6.27 6423
7.07 T.40 Te43
794 8430 8439
8.60 8.89 9.02
8.98 9.10 9.22
9.02 8490 8.94
B8s64 Be29 8e22
T.77 Te.32 Telb
634 610 5.96
4029 4.80 4.97
FIT DEGREE 9 FIT DEGREE 10 FIT DEGREE
5031 5.26
.3.81 3.81
2457 2.62
le67 1.73
lel4 l1.18
0.99 0.98
l1.21 1.15
1.76 1.68
2459 2053
34065 3.63
4.86 4089
612 6.19
Te32 7.40
B¢ 34 8e40

SAMPLE BATCH INPUT, BATCH AUXILIARY OUTPUT AND REGULAR BATCH OUTPUT (Page 12)
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3.0 DETAILED PROGRAM INFORMATION

3.1 General Program Description

The following three sections describe the physical makeup of the
Validation Command Language.

3.1.1 Organization and Flow

The Validation Command Language is implemented by a total of
ninety five subprograms. Table 17 contains a list of all the sub-
programs together with the routines each subprogram calls and a
short description of the function of the subprogram.

3.1.2 Packing Techniques

Two very simple packing systems have been developed for use in
the interpreting of the input commands and in the storage of constants
and variables (data sets).

Each input command is read character by character, analyzed and
packed in free format storage array. The information is then fed to the
appropriate subprogram which re-analyzes the packed information and
carries out the specified command.

When a data set or a constant is entered into the storage system,
a control entry of one of three types is entered into the control array,
and the data is entered in a free format storage array. The three
types of control entries are for constants, data sets, and for filter
weights. |

3.1.3 Print Plot Graphics

The plotting section of the Validation Command Language is
currently implemented only for producing printer plots. The tech-
nique employed is to store a page image originally set to blanks
and put in other characters as needed for the particular command.
The page image is then printed by the PP command. The plot section
also produces printed output which contains the points plotted.

The plotting section would adapt with moderate difficulty to
alternative off-line plotter output.

3.2 Program Installation
The principal problem in installing the Validation Command

Language is the character handling subprograms involved in the
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Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE

Description

(main)
BLOCK DATA
COMFRQ

COMPAR
COMPS

COMVAR
CONPAR

CONVER
CORREL

DEL1
DELZ2
DRAWIT
FDIST
FETCH

FIGURE

FILDES

FILGEN
FILTER

FILTNG

INMAIN

INTMAK
RINF
GETEN
SHIFT
FOCOLS
STOREN

GETEN,
FDIST

INTMAK,
RINF

IDIGIT

RINF, GETEN,
SHIFT, STOREN

TITLE

KARDER,
CONVER

OPTIM, SAVAR,
REMEZ, REQPT,
IMPOUT

FILDES, GENPUL,
SAVCOF

GETEN, FILTNG
STOREN

set storage size limits
defines constants and tables

computes and stores frequency with maximum
Fourier coefficients

select proper type of plot and destination

calculates factors of N + stop freq. needed
for optimization

compares variances of two quantities by F-
distribution and points

resets default final time, specifies units for
output, sets terminal printer switch

reads numbers from input card

computes, stores and prints correlation coef-
ficient between two quantities

calculates Lagrange interpolation coefficients
for use in GEE

calculates optimum passband ripple
calculates optimum stopband ripple
writes plot image and title onto LDNOUT
computes F-distribution for COMVAR

gets a particular item of data out of binary
storage: for model data

reads input card for numerical data and con-
verts it

designs Tinear phase finite impulse response
filter using REMEZ exchange algorithm

controls design, checking and saving of filter
applies a filter to a quantity and stores the

result
computes filtered signal
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TABLE 17. SUBPROGRAM TABLE (continued)

Routine Name Routines Called Description
FOCOF INTMAK, RINF, computes and prints Fourier coefficients, period
GETEN, SHIFT, and basic frequency for a quantity
FOCOLS
FOCOLS ---- computes Fourier coefficients by least squares
approximation
FORM ---- builds up format for printing out results of
regression fitting
FORMIN IDTFOP, IDTFNM, controls formula interpreting
GETEN, KARDER,
SHIFT, OPERTIN,
IDTFSM, STOREN
GEE -—-- evaluates frequency response using Lagrange
interpolation formula in barycentric form
GENPUL FILTNG generates a pulse and applies a designed filter
to it to check the filter
GETEN -—-- gets quantity asked for from internal storage
GMRSII RINF, GETEN, computes and stores GMR modified severity index
SHIFT, STOREN
GRAFG ---- produces printer plot of frequency response
HIC ---- computes the HIC index
HICC RINF, INTMAK, computes and stores the HIC index
GETEN, HIC,
STOREN
IDENTF KKIPER identifies input card
IDIGIT ---- converts numeral into integer
IDTFNM KARDER, CONVER, jdentifies next characters if data set name,
PACK constant name, number quantity or binary
operator
IDTFOP ---- identifies next characters as unary operator
IDTFSM ---- identifies next characters as binary operator
IMPOUT -—-- prints impulse response over terminal
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Routine Name

TABLE 17. SUBPROGRAM TABLE (continued)

Routine Called

Description

INMAIN

INST
INTEG

INTMAK
INVER

ISPACE
IUN

KARDER
KKIPER
KKTEST
LABEL

LBLPUT
LINE

LSQ

MFIU

TITLE, KARDER,
IDENTF, FIGURE,
CONPAR, MODRUN,
SEEKNM, OLDNM,
MODAT, TSTRUN,
TSTDAT, QUEM,
QUEPHA, QUAMP,
FOCOF, SHFTZ,
FILGEN, FILTER,
HICC, SII,
GMRSII, NEWNM,
INTEG, COMFRQ,
THREM, MODAMP,
CORREL, COMVAR,
PTMNS, REGFIT,
FORMIN, PLOTIN,
PLOTQT, PLOTCV,
PRINTS, DRAWIT,
PRINTQ

RINF, GETEN,
SHIFT, STOREN

KKTEST
KARDER

LBLPUT, PUT

PUT
SCALE, PUT

FORM, SCAL,
TITLE

controls input

defines parameters used in FETCH

computes and stores integral (by Simpson's
rule) of quantity

makes integer out of data in INFO

decides which data must have its sign changed
(y + up on plots)

chegks plot image to see if blank (not used
yet

defines index for proper model quantity
units label given category and column numbers

reads input card
searches input card
checks for previous error return

gets numerical labels for plots off input
card and puts them into the plot image

puts numerical labels into plot image

puts character into the plot image along a
specified line

does least squares regression fitting of one
set of data to another

sets an index for finding proper conversion
factor (standard - metric units) given units
index for experimental data
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Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE (continued)

Description

MICON

MODAMP

MODAT

MODRUN

NEWNM
NF

OLDNM
OPERTN

OPTIM

OPTIMN
OUCH
PACK
PICKUP

PLOTCV

PLOTIN

PLOTQT

PRINTQ

GETEN, SHIFT,
STOREN

RINF, GETEN
SHIFT,STOREN

RINF, INTMAK,
INST, FETCH,
INVER, NF,
IUN, STOREN

ITHMAK,
PICKUP

PACK

SQRT, SIN, COS

COMPS, OPTIMN,

STOP, DELT,
DEL2

SEARCH

GETEN, SHIFT,
TITLE, LINE,
UNITS

RINF, SETSCL,
SCALE, PUT,
LINE, LABEL,
TITLE

RINF, GETEN,
SCALE, PUT

RINF, GETEN,
SHIFT

computes a new data set which is the dif-
ference between two data sets

multiplies a data set by a constant factor
and stores or selects a point from a data

set, multiplies it by a constant and stores

it

gets data set out of binary storage and stores
it

reads general data out of binary storage

creates new names as needed for storage

defines index for units. conversion factor
given category and column numbers

reads special names for contacts (catg. 2-4)

computes effects of both unary and binary
operators

optimizes filter description under control

checks optimization of low pass filters
prints comments about failure to converge
puts names into INFO

reads special names for categories 2-4 from
binary storage

gets curve data set(s) from internal storage,
puts it (them) into plot image according to
type of plot selected and labels axes with
proper units and prints summaries

defines sizes of plots, computes scale factors,
puts axes, interval markers and numerical labels
into plot image

gets pair of single points from internal
storage and puts their ratio into plot
image and prints values

gets data set from internal storage and prints
selected portion over teletype
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Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE (continued)

Description

PRINTS

PTMNS

PULOFF
PUT
QUAMP

QUEM

QUEPHA

REGFIT

REMEZ

REOPT
RINF
SAVAR

SAVCOF
SCAL
SCALE

SEARCH
SEEKNM

SETSCL
SHFTZ

GETEN

RINF, GETEN,
SHIFT, STOREN

KKIPER, PACK

RINF, INTMAK,
GETEN, SHIFT

GETEN, RINF,
SHIFT, TP,
STOREN

RINF, INTMAK,
GETEN, SHIFT

RINF, INTMAK,
GETEN, SHIFT,
LSQ

D, OUCH, GEE

GRAFG, SAVAR

STOREN

PULOFF, KKIPER,
COMPAR

RINF, GETEN,
SHIFT, STOREN

gets single datum from internal storage as re-
quested and prints it over terminal formula
interpreter

computes max, min, mean, + variance of mean curve
of curves named and stores them and the mean
curve

isolates word on input card and puts it into
INFO

inserts character into plot image given mesh
coordinates

computes and prints amplitude correlation
coefficient of two data sets

computes and prints or stores max, min,
mean, variance, mode, median and sometimes
the confidence interval for data set named

computes and prints phase correlation coef-
ficient of two data sets

gets two data sets from internal storage and
fits one to the other by Teast squares

"weighted Chebychev approximation of a con-
tinuous function with a sum of cosines"

"re-estimates parameters"
makes real number out of data in INFO
saves filter weights for future use

puts design filter data into internal storage
scales data for LSQ

computes mesh coordinates for plot image given
values

determines last record number of current table
gets names off input card

computes scale factors for POLAR plots

gets a data set from internal storage




Routine Name

TABLE 17.

Routines Called

SUBPROGRAM TABLE (continued)

Description

SHIFT
STI

STOP

STOREN
TAPRED
THRAVG

THREM

TITLE

TP

TSTDAT

TSTRUN

UNITS

RINF, GETEN,
SHIFT, STOREN

RINF, GETEN,
SHIFT, THRAVG,
STOREN

RINF, INTMAK,
TAPRED, MFIU,
SHIFT, STOREN

INTMAK

PUT

selects part of a data set as asked for

computes and stores severity index for a data
set

calculates optimum lowpass filter stopband
frequencies

puts data or data set into internal storage
dummy

locates peak value and computes 3 millisecond
average of data set

gets data set from internal storage, computes
and stores 3 msec av, peak value and time of
start of 3 msec interval

prints titles for plots and their summaries
and for regression fitting output

computes student's T-distribution for con-
fidence interval

reads experimental data, converts it if
necessary, and puts it into internal storage

defines Tlogical device number for experimental

data
puts units label into plot image
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recognition of input commands. This impending problem was planned
for in the design of the Command Language by setting of a number of
key parameters which as much as possible controlled the character
handling. These parameters are called Compilation Parameters and are
defined at the end of the Block Data Subprogram. The Compilation
Parameters are shown in Table 18 together with a description of each
one.

3.3 Specialized Subroutines

The Validation Command Language gathers together many special pur-
pose subprograms from many places. The next five sections describe some
of the more prominent of these routines.

3.3.1 Input Conversions Subroutines

These routines were developed for the Vehicle Crash Simulation
Executive System* These routines feature a free format presentation
of data and a more general way of representing the number. The
general form of numeric representation is as follows:

(YN ... M) (N ... N) ((D/E) (S) (N(N)))

"S" stands for plus or minus sign; "N" stands for numeric digit; the
single '.' for decimal point, "D/E" stands for the letter "D" or the
letter "E", and parenthesis means something that is optional. Blanks

are ignored. If neither "D" nor "E" is present and there is an exponent,
the sign must be present. If no number is presented but a place for

a number is presented, (e.g., ",," or ",*"), the value is filled

with the default value code word which is a huge positive number.

Since the current program does not inspect the converted values for

this value in any case except final times, the user must not default
individual quantities except final times.

3.3.2 Tape Reading Subroutine

Tape reading is not implemented as part of the current Command
Language. If the user wishes to read tapes, he must supply a tape
reading routine named "TAPRED" which makes use of the following
four arguments

(a) an inputted integer which gives the file or record number

if useful;

* Reports in preparation under NHTSA contract.
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TABLE 18  COMPILATION PARAMETERS

Parameter Description Current Value
IDFULT Numeric quantity default code word (77777777)16
KCHPWD Number of characters per integer word 4
KWDPNM Number of integer words per name 2
KWDPRL Number of integer words per real word 1
LDIGIT Maximum number of digits in input numeric

quantity 12
LDNFLT Logical device number for table of predefined

filters 8
LDNIND Logical device number for command input 5
LDNOUT Logical device number for batch output 6
LDNTTP Logical device number for interactive, auxiliary

and diagnostic output 7
MPOWER Maximum magnitude of power of ten in a numeric

input quantity 20

104



(b) an inputted integer which gives the Togical device number
to which the tape is attached

(c) an integer array containing the Volume name in EBCD
(d) an integer array containing the File name in EBCD

A maximum of 401 points can be accomodated and these must be read into
the array P in the following COMMON statement:

COMMON/PQ/P(401),Q(401)

The data 1is entered into the storage system by the following
call:

CALL STOREN (IU,2,1, NP+2, NP, ST, TI)

where
IU is the units dimension code index (See Table 2)
NP is the number of points
ST is the starting time in msec
TI is the time increment in msec

3.3.3 Special Indices Subroutines

The four special indices routines where brought over from the
MVMA 2-D Crash Victim Simulation report. Table 19 shows the exponent
functional relationship in the Modified Severity Index.

3.3.4 Digital Filtering Subroutines

The filter design routines and the filtering routines were brought
over from Dr. Nabih M. Alem of the HSRI staff who modified a program
developed by McClellan (See "Whole Body Response Research Program,"
Second Final Report, UM-HSRI-76-3).

3.3.5 Regression Fitting Subroutine

The regression fitting subroutine was brought over from a stand-
alone package developed by Ray Gould at the Willow Run Labs of the
University of Michigan in 1963 (internal memo entitled, "Least-
Squares Polynomial Fitting Program; WR-57).

109



TABLE 19 THE EXPONENT FUNCTIONAL RELATIONSHIP FOR THE GMR MODIFIED

SEVERITY INDEX

Acceleration range (g's)

Exponent Relationship
and Coefficients

Exponent Range

0<ac<7 exp = ¢, constant -.7
C'I = "-7

7<ac<173 exp = ¢, * c,/a -.7 to 2.53
c, = 2.87258
Cy = -25.00804

73 < a < 200 exp = ¢4 + cg*a 2.53 to 2.3
¢, = 2.66221
Cp = -.00181102

200 < a exp = Cg constant 2.3
Ce = 2.3
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